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ABSTRACT 
Organophosphorous (OP) insecticides are widely used around the world to control 
pests. These insecticides can enter streams and rivers and impact nontarget aquatic 
organisms by inhibiting acetylcholinesterase (ACE), a nervous system enzyme necessary 
for normal behavior and survival. However, these contamination events are usually brief 
and often missed by chemical analyses attempting to detect OP insecticides. Although 
ACE activity has been used as a bioindicator of OP insecticide exposure in humans and 
wildlife for many years, few studies have investigated using aquatic insect ACE activity as 
a potential bioindicator of OP insecticide contamination in streams. This study used the 
mayfly lsonychia bicolor (Ephemeroptera: Isonychiidae) because, in the United States, it 
is widely distributed in stream riffles throughout the Midwest and East. 
In the first experiment methods for quantifying ACE activity in I. bicolor head 
capsules were developed and optimized. Results indicated that: 1) Triton X-100 
detergent (0.5%) significantly increased ACE activity; 2) a 0.0418 molar solution is the 
optimum acetylthiocholine iodide concentration to use with a 200: 1 dilution of I. bicolor 
head capsules; and 3) the optimum assay reaction temperature is approximately 32°C. 
The second experiment investigated potential differences in baseline field ACE 
activities, and nutrient and temperature effects on I. bicolor ACE activity. Results 
indicated that: 1) initial ACE activities from the three field populations were significantly 
different; 2) after 30 days in stream microcosms the activities were similar; 3) nutrient 
supplements have no effect on ACE activity during short-term, stream microcosm tests; 
and 4) maximum ACE activities occur at 19 and 25°C. 
Two separate experiments used laboratory stream microcosms to investigate 
I. bicolor ACE inhibition following 48 h exposures to chlorpyrifos. Results from those 
experiments indicated that 10.0 µg/L chlorpyrifos significantly inhibits ACE activity and 
causes mortality. 
The final study involved monitoring ACE activity at field sites in Northeast Iowa, 
USA, during 2000 (15 sites) and 2001 (10 sites). In addition, one site on the Cedar River 
and three sites on the Volga River were more intensively monitored to investigate seasonal 
effects and the effects of precipitation, respectively. These studies found that: 
1) I. bi color ACE activities from the Volga and Upper Iowa Rivers were impacted relative 
to Cedar River sites; 2) ACE activities were lower during cooler seasons; and 3) storm 
events did not produce a readily discernible pattern of effects on ACE activities. Overall, 
these laboratory and field studies support continuing the development and use of I. bicolor 
ACE activity as a biomarker of OP insecticide contamination in streams. 
Keywords: stream insect, organophosphorous insecticide, acetylcholinesterase activity, 
biomarker 
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PROLOGUE 
Comprehensive chemical analyses of all contaminants in air, water, soil and species 
of interest would be extremely expensive and labor intensive. In addition, facilities to 
handle such work do not presently exist. Even if comprehensive chemical monitoring was 
possible, analyses would only indicate a contaminant's presence and not its bioavailability 
to, or interactions within, an organism. Therefore, the use ofbiomarkers as indicators of 
environmental contamination, in addition to chemical analyses, has been proposed as part 
of an effective biomonitoring program (e.g., McCarthy and Shugart 1990; Huggett et al. 
1992; Peakall 1992). The overall goals of monitoring with biomarkers are to provide 
faster, easier to obtain measurement endpoints, and to provide highly sensitive and 
biologically relevant indicators of environmental health (Landis and Yu 1995). 
Biomarkers, or biological markers, are defined by the National Academy of 
Science to be "xenobiotically induced alterations in cellular or biochemical components or 
processes, structures, or functions that are measurable in a biological system or sample" 
(Agency for Toxic Substances and Disease Registry 1994, as cited by Kendall et al. 1996). 
Biomarker responses to stressors may occur at the organismal or suborganismal 
(physiological, biochemical, and histological) levels, providing an early warning of 
environmental contamination and possibly preventing adverse effects at higher levels 
(population or community). Biomarkers are especially useful for determining sublethal 
concentrations that adversely affect sensitive species. Additionally, organisms can be 
exposed to multiple chemical and physical stressors at the same time, and biomarkers can 
be monitored under naturally occurring seasonal fluctuations. Lastly, sampling and 
biomarker sample analyses can be performed by non-experts. Examples of biomarkers 
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are: 1) induction of hepatic microsomal cytochrome P450 that indicates exposure to a 
variety of organic chemicals including polycyclic aromatic hydrocarbons ( e.g., Van Veld et 
al. 1990) and polychlorinated biphenyls (e.g., Skaare et al. 1991); 2) the inhibition of 
aminolevulinic acid dehydratase, an enzyme involved in hemoglobin synthesis in red blood 
cells, caused by exposure to heavy metals, especially lead (e.g., Schmitt et al. 1984; 
Scheuhammer 1987); 3) induction of metallothioneins caused by heavy metal exposure 
(Landis and Yu 1995); and 4) acetylcholinesterase (ACE) inhibition from exposure to 
organophosphorous (OP) and carbamate insecticides. Acetylcholinesterase inhibition in 
birds and mammals has been extensively studied and is considered a gold standard 
biomarker in those groups (Peakall 1994). 
Organophosphorous and carbamate insecticides are used throughout the world. In 
the United States, OP insecticides are the most widely used group of insecticides because 
of their wide range of activity, relatively short persistence in soil and low capacity for 
bioaccumulation (Hill 1995). Over 100 different OP and carbamate chemicals are 
registered for use in thousands of products applied to many different habitats (Smith 1987) 
and can potentially enter surface waters through aerial drift or surface runoff (Willis and 
McDowell 1982; Liess and Schulz 1999; Bailey et al. 2000). Therefore, surface waters 
may be contaminated for a short time each year during application periods. The frequency 
and severity of this insecticide contamination are not well understood because the 
contamination is often brief, and chemical analyses are relatively expensive, preventing 
comprehensive monitoring on a regular basis. 
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The main toxic effect from exposure to OP and carbamate insecticides on target 
and nontarget organisms is ACE inhibition resulting in acetylcholine accumulation at 
neural synapses. If acetylcholine is not rapidly broken down by ACE, the post-synaptic 
neuron cell receives constant stimulation that may compromise normal behavior, and can 
be lethal. Acetylcholinesterase activity in vertebrates exposed to carbamates generally 
returns to normal within days (Westlake et al. 1983; Hill 1992). However, one to three 
weeks may be necessary for recovery following exposure to OP insecticides (Fleming 
1981; Fleming and Grue 1981). Therefore, previous research has focused on reductions in 
ACE activity as an indicator of OP insecticide poisoning, and most of that research has 
been with terrestrial organisms. 
Research investigating ACE inhibition in terrestrial target insects has focused on 
the efficacy and mode of action of various OP insecticides, and not on ACE inhibition as 
an environmental biomarker. The reason for such a focus is that nontarget terrestrial 
insects are expected to be affected in areas where OP insecticides are applied. In contrast, 
nontarget vertebrate ACE inhibition has been extensively studied in an attempt to develop 
sufficient data to use ACE inhibition as a biomarker of OP insecticide exposure. 
Most studies with vertebrates have used avian ACE inhibition as an indicator (e.g., 
Bussiere et al. 1989; Rattner and Grue 1990; Holmes and Boag 1990; Patnode and White 
1991; Martin et al. 1991; Driver et al. 1991; Cairns et al. 1991; Hart 1993; Forsyth and 
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Martin 1993; Tank et al. 1993; Johnson et al. 1993; Johnston et al. 1994; Fair et al. 1995; 
Bartowiak and Wilson 1995) because large numbers of birds die each year from OP 
insecticide exposures. Routes of exposure include ingestion of contaminated water, seeds,· 
foliage, invertebrates and formulated granular particles (Grue et al. 1983). In general a 0-
20% reduction in ACE activity is considered to be within the range of normal variability, a 
20-50% reduction is considered to be indicative of exposure to OP insecticides but 
reversible, and a ~50% reduction is considered irreversible (Busby et al. 1989, as cited by 
Day and Scott 1990). 
Mammalian wildlife ACE inhibition has been relatively less studied ( e.g., Tank et 
al. 1993; Block et al. 1993) because mammals do not ingest as much contaminated 
material, and most studies with mammals have been designed to protect humans, not 
wildlife. In addition, because of generally lower levels of hepatic detoxifying enzymes, 
birds are much more sensitive than mammals to acute OP insecticide poisoning (Walker 
1978; Brealey et al. 1980). Overall, ACE inhibition is widely accepted as a biomarker of 
OP insecticide exposure in both birds and mammalian wildlife (Grue et al. 1991). 
However, less is known about aquatic wildlife ACE inhibition as a potential indicator of 
OP contamination in surface waters. 
Organophosphorous insecticides are relatively soluble in water, and those that do 
not rapidly hydrolyze may pose a threat to aquatic organisms. For example, Knuth and 
Heinis (1992) made one application of chlorpyrifos, a widely used OP insecticide, to 
littoral enclosures and found that aqueous chlorpyrifos residues reached maximum 
5 
concentrations one hour after application. Reported half-lives for the 5.0 µg!L and 20.0 
µg!L treatments were 8 and 4.7 hr, respectively. Chlorpyrifos residues undergo a rapid 
loss phase attributed to degradation within the water column and volatilization at the air-
water interface. Other studies report half-lives for chlorpyrifos in water to be 13 days at 
pH 7.4 (Freed et al. 1979), and 4.8 days at pH 8-8.5 (Frank et al. 1991) at 20-21 °C. 
Although OP insecticides do not persist relatively long in water, undetected degradation 
products still may pose a threat to aquatic organisms. In general, OP insecticide 
hydrolysis in basic waters is fairly rapid, but is considerably slower in circurnneutral and 
slightly acidic waters. Most studies using ACE inhibition in aquatic organisms exposed to 
OP insecticides have used fish as test organisms. 
Substantial ACE activity inhibition in fish exposed to high concentrations of OP 
insecticides has been observed in several studies (e.g., Coppage and Matthews 1974; 
1975; Richmonds and Dutta 1992). ACE inhibition in fish exposed to sublethal 
coneentrations of OP insecticides is generally less but still perceptible (Coppage and 
Matthews 1975; Jarvinen et al. 1983; Ansari and Kumar 1984; Prasada Rao and Ramana 
Rao 1984). Recovery offish ACE activity following exposure takes time and depends on 
factors such as insecticide type, test species and the extent of inhibition (Weiss 1961; Post 
and Leasure 1974; Morgan et al. 1990). Although OP insecticide exposure may be brief 
in aquatic environments, ACE activities may require a recovery period during which 
abilities to sustain normal behavior are weakened, (Post and Leasure 1974; Verma et al. 
1979; Murty 1986). Although aquatic macroinvertebrates such as mollusks, crustaceans 
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and insects, due to their relative immobility, are considered better environmental indicators 
than fish, relatively few studies have investigated aquatic macroinvertebrate ACE 
inhibition from exposure to OP insecticides. 
Most studies with aquatic macroinvertebrates have used crustaceans or mollusks 
as test organisms (Coppage and Mathews 1974; Kobayashi et al. 1986; Srinivasulu Reddy 
and Ramana Rao 1988; Repetto et al. 1988; Galgani and Bocquene 1990; Bocquene and 
Galgani 1991; Abdullah et al. 1994; Fleming et al. 1995; Crane et al. 1995). 
Acetylcholinesterase inhibition from OP insecticide exposure is thought to have 
contributed to an increase in freshwater mussel die-offs in the United States since the early 
1980s (Fleming et al. 1995). Although such studies have shown that ACE inhibition in 
crustaceans and mollusks can be used as a bioindicator of OP insecticide exposure, 
crustaceans and mollusks do not inhabit most interior streams and rivers in great 
abundance, and those species that do are not widely distributed. In contrast, aquatic 
insects are the dominant macroinvertebrates in most streams and rivers, and many species 
have a broad geographic distribution. Surprisingly, there has been relatively little research 
using stream insect ACE inhibition as a potential bioindicator of OP insecticide exposure, 
and most of that research has focused on Chironomus riparius (Diptera: Chironomidae), 
which is most frequently found below inadequately treated sewage treatment plant 
outfalls. 
Fisher et al. (2000) optimized assay conditions for detecting ACE activity 
inhibition in individual whole C. riparius. The optimum buffer solution pH was 8.0 or 8.5. 
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A 4 mM acetylthiocholine iodide substrate concentration was chosen to ensure substrate 
excess, and an average reaction rate (60-80 mOD/min) that would be sufficient to detect 
small changes in ACE activity within the reported detection limits (2.09-120 mOD/min) 
was found by diluting individual C. riparius with 350 µ1 of buffer. Detra and Collins 
(1986) also optimized assay conditions for determining cholinesterase activity in C. 
riparius. They found that a 6.4 x 10·4 M acetylthiocholine substrate concentration 
provided optimum cholinesterase activities. Optimum buffer pH values ranged from pH 7-
9 and a 30°C assay temperature produced the highest cholinesterase activity. In contrast 
to the generalizations about consequences of reductions in ACE activity noted above, 
Beauvais et al., (1999) found that individual C. riparius ACE activities were inhibited by 
~95% following a 19 hr exposure to 0.5 µg/L chlorpyrifos, but were still able to recover. 
Detra and Collins (1991) found that a quantitative relationship existed between parathion 
(OP insecticide) concentration, duration of exposure, and ACE inhibition in C. riparius. 
Ibrahim et al. (1998) investigated the dose-response relationship between pirimiphos-
methyl (OP insecticide) and ACE activity in C. riparius. Both in vivo and in vitro results 
indicated that ACE activity declined during a 48 h exposure with increasing OP insecticide 
concentrations. In contrast to the laboratory studies with C. riparius, Day and Scott 
(1990) found that exposure to ;;,:20.0 µg/L chlorpyrifos for 24 h resulted in significant 
reductions in ACE activity in the stonefly Claassenia sp. (Plecoptera: Perlidae). 
Apparently, only two studies have investigated aquatic insect ACE activities under 
field conditions. Olsen et al. (2001) used an in situ system to expose laboratory reared C. 
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riparius for 48 h in separate uncontaminated river sites, and then analyzed individual 
organisms for ACE and glutathione S-transferase (GST) activities. Although there were 
no clear relationships between biomarker activities and physical or chemical characteristics 
such as temperature, dissolved oxygen and pH, ACE and GST activities were significantly 
(p < 0.0001) different among sites, suggesting other undetected differences among the 
sites. Parker and Callaghan (1997) measured esterase activity from several field 
populations of Simulium equinum (Diptera: Simuliidae) and found that activities in 
populations regularly exposed to malathion (OP insecticide) were significantly (p < 0.001) 
higher than those at an unexposed site by up to 2.8-fold. Their results suggested that an 
increased frequency of specific alleles for high esterase activity in S. equinum populations 
may be useful as an indicator oflong-term OP insecticide exposure. 
In this research Isonychia bicolor (Ephemeroptera: Isonychiidae) head capsule 
ACE activity was investigated as a potential biomarker of OP insecticide contamination in 
streams. The criteria for stream insect selection included: 1) widespread geographic 
distribution; 2) abundance in many streams during all seasons; and 3) suitability for 
homogenization and assay measurements. Isonychia bicolor are found in stream riffles 
throughout the Midwest and Eastern regions of the U.S. (Merritt and Cummins 1996) and 
have been maintained for extended periods in stream microcosms ( e.g., Pontasch and 
Cairns 1989; Breneman and Pontasch, 1994). The relatively unsclerotized head capsule is 
suitable for homogenization and does not interfere with spectrophotometric readings. 
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The widely accepted colorimetric reaction developed by Ellman et al. (1961) to 
measure ACE activity provided the theoretical basis for these experiments. Advantages to 
this method are rapid analysis time, convenience, reproducibility, and suitability for 
automation (Ashour et al. 1987; Tor et al. 1994). Additionally, determining ACE activity 
using a microplate-reading spectrophotometer is relatively inexpensive, and the assay can 
be performed by non-experts. Specifically, these I. bicolor ACE experiments investigated: 
1) optimization of methods for quantifying I. bi color head capsule ACE activity using a 
microplate-reading spectrophotometer; 2) field and laboratory baseline ACE activities; 
3) nutrient and temperature effects on ACE activity; 4) dose-response relationships 
following a 48 h pulse-dose with chlorpyrifos; and 5) the potential use of I. bicolor ACE 
inhibition as a bioindicator of OP insecticide contamination in Northeast Iowa streams. 
Objectives 
1) Determine optimal assay conditions for I. bi color head capsule ACE activity 
determination. 
2) Determine baseline I. bicolor ACE activities in both laboratory and field settings. 
3) Determine temperature effects on baseline I. bi color ACE activity in stream 
microcosms. 
4) Determine nutrient effects on baseline I. bicolor ACE activity in stream microcosms. 
5) Investigate: a) I. bicolor ACE levels following a 48 h exposure to chlorpyrifos; and b) 
the recovery period needed to return to "normal" I. bicolor ACE levels following 
exposure. 
6) Determine if I. bicolor are being exposed to anticholinesterase agents in Northeast 
Iowa river systems. 
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Objective one determined the optimal artificial substrate (acetylthiocholine iodide) 
concentration, assay temperature and Triton X-100 detergent effects on I. bi color head 
capsule ACE activity. Results from these experiments are discussed in Chapter One. 
Objective two involved collecting I. bicolor from three Northeast Iowa streams to 
determine if baseline ACE activity is similar among allopatric populations. Objectives 
three and four involved maintaining I. hicolor in laboratory stream microcosms under 
specified nutrient and temperature treatments while ACE activity was determined. Results 
from these experiments are discussed in Chapter Two. 
Objective five involved I. bicolor exposure to low concentrations of chlorpyrifos 
for 48 h in laboratory stream microcosms to detect ACE inhibition, and a determination of 
time necessary for ACE activity to return to "normal". Chemical analyses coincided with 
ACE activity determinations during two separate dose-response studies. Results from 
these experiments are discussed in Chapter Three. 
Objective six involved monitoring I. bicolor ACE activity in Northeast Iowa 
streams for two consecutive years in an attempt to detect potential OP insecticide 
contamination. Chemical analyses and stream insect collection occurred under separate 
monitoring designs consisting of both periodic and intensive sampling that involved efforts 
to monitor specific precipitation events. Results from this monitoring program are 
discussed in Chapter Four. 
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CHAPTER ONE 
ISONYCHIA BICOLOR (EPHEMEROPTERA: ISONYCHIIDAE) 
ACETYLCHOLINESTERASE ACTIVITY ASSAY OPTIMIZATION 
Abstract 
19 
Acetylcholinesterase (ACE) activity in nontarget organisms such as humans, birds 
and fish is commonly used as a bioindicator of organophosphorus insecticide exposure, 
but this approach has not been adequately investigated using stream benthos. Prior to 
preliminary experiments with benthic macroinvertebrates to determine baseline ACE 
activities, potential differences among populations and seasonal effects, the ACE assay 
must be optimized for each species used. The stream insect Isonychia bicolor 
(Ephemeroptera: Isonychiidae) was chosen as the test organism because of its widespread 
distribution and abundance in the U.S. Midwest and East. ACE activities in late instar I. 
bicolor head capsules were analyzed, using a modification of the Ellman ACE assay, to 
determine: 1) the effect that the detergent Triton XIO0 had on the amount of ACE present 
in tissue homogenate supernatant; 2) the optimum acetylthiocholine iodide substrate 
concentration; and 3) the optimum reaction temperature. Results indicated that Triton 
XI00 (0.5%) detergent significantly (p = 0.0111) increased ACE activity. A 0.0418 molar 
solution is the optimum acetylthiocholine iodide stock concentration to use with a 200 
fold dilution of I. bicolor head capsules, and the optimum reaction temperature is 
approximately 32°C. 





Organophosphorous (OP) and carbamate insecticides are used extensively 
throughout the world, and are a threat to nontarget species. The main toxic effect to both 
target and nontarget organisms is acetylcholinesterase (ACE) inhibition, resulting in the 
accumulation of the neurotransmitter acetylcholine that causes nervous system stimulation 
that can be lethal. The widely accepted colorimetric reaction developed by Ellman et al. 
(1961) to measure ACE activity in tissues provided the theoretical basis for the assay 
optimizations reported here. Advantages of the Ellman method for ACE activity 
determination with a microplate reading spectrophotometer include rapid analysis time, 
convenience, reproducibility, and suitability for automation (Ashour et al. 1987; Tor et al. 
1994). 
Many studies have investigated ACE inhibition in terrestrial target and nontarget 
insects, but those studies have focused primarily on the efficacy and mode of action of 
various OP insecticides, and not on ACE activity as an indicator of exposure. In contrast, 
ACE activity in nontarget vertebrates has been investigated extensively to develop 
methods for using ACE inhibition as a bioindicator of OP exposure. Most nontarget 
vertebrate studies investigating ACE inhibition have used birds ( e.g., Bussiere et al. 1989; 
Rattner and Grue 1990; Holmes and Boag 1990; Patnode and White 1991; Martin et al. 
1991; Driver et al. 1991; Cairns et al. 1991; Hart 1993; Forsyth and Martin 1993; Tank et 
al. 1993; Johnson et al. 1993; Johnston et al. 1994; Fair et al. 1995; Bartkowiak and 
Wilson 1995) because large numbers of birds die each year after ingesting contaminated 
22 
material such as seeds, foliage, formulated granular particles, etc. (Grue et al. 1983). The 
use of ACE inhibition to detect OP insecticide exposure in mammalian wildlife has been 
relatively less extensive (e.g., Tank et al. 1993; Block et al. 1993) because mammals 
generally do not ingest contaminated material, and most studies with mammals have been 
designed to protect humans, not wildlife. 
Aquatic organisms such as fish have shown substantial ACE inhibition when 
exposed to OP insecticides (e.g., Coppage and Mathews 1974; Richmonds and Dutta 
1992) and may require a period of recovery during which time ACE activity may remain 
sufficiently depressed to weaken their ability to sustain normal physical activities (Murty 
1986). Although aquatic macroinvertebrates such as mollusks, crustaceans and insects are 
considered better indicators of pollution than fish due to their relative immobility, 
relatively fewer studies have investigated ACE inhibition as a potential bioindicator of OP 
insecticide exposure in aquatic macroinvertebrates (Fulton and Key 2001). Studies using 
mollusks (Galgani and Bocquene 1990; Fleming et al. 1995) and crustaceans (Abdullah et 
al. 1994; F ornstrom et al. 1997) have investigated ACE inhibition, but crustaceans and 
mollusks do not inhabit most interior streams and rivers in great abundance, and most 
species that do are not widely distributed. Although aquatic insects are the dominant 
macroinvertebrates in most streams and rivers, and many species have a broad geographic 
distribution, there has been little research into ACE inhibition in stream insects exposed to 
OP insecticides. 
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Fisher et al. (2000) optimized assay conditions for detecting ACE inhibition in 
individual whole Chironomus riparius (Diptera: Chironomidae). The optimum buffer 
solution pH was 8.0 or 8.5. A 4 mM acetylthiocholine iodide substrate concentration was 
chosen to ensure substrate excess, and an average reaction rate (60-80 mOD/min) that 
would be sufficient to detect small changes in ACE activity within the reported detection 
limits (2.09-120 mOD/min) was found by diluting individual C. riparius with 350 µl of 
buffer. Detra and Collins (1986) also optimized assay conditions for determining 
cholinesterase activity in C. riparius. They found that a 0.64 mM acetylthiocholine 
substrate concentration, buffer pH values from pH 7-9 and a 30°C assay temperature 
produced the highest cholinesterase activities. These two studies indicated that optimizing 
methods and parameters when measuring ACE activity in stream insects is necessary 
before using ACE activity as a biomarker in field monitoring studies. Other investigators 
have also suggested that assay conditions for measuring ACE must be optimized for each 
separate species (e.g., Mineau 1991; Di Giulio et al. 1994). 
In this study, methods for determining ACE activity in Jsonychia bicolor 
(Ephemeroptera: Isonychiidae) head capsules were optimized to develop a standard 
protocol. The criteria for species selection included widespread geographic distribution 
and abundance in many streams during all seasons. Jsonychia bicolor are found in stream 
riflles throughout the Midwest and Eastern regions of the U.S. (Merritt and Cummins 
1996) and have been maintained for extended periods in stream microcosms (e.g., 
Pontasch and Cairns 1989; Breneman and Pontasch 1994). The relatively unsclerotized I 
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bicolor head capsule is easily homogenized and, therefore, does not interfere with 
spectrophotometric readings. In this study the optimum artificial substrate 
(acetylthiocholine iodide) concentration, assay temperature, and Triton Xl00 detergent 
effects on I. bicolor head capsule ACE activity were determined. The protocol for ACE 
activity determination in I. bicolor head capsules was modified from methods already in 
use for ACE determination in other species (e.g., Hunt and Hooper 1993; Gard and 
Hooper 1993; Cole 1995; Beauvais et al. 1999). 
Materials and Methods 
Insect Collection and Transportation 
Jsonychia bicolor were sampled from the Cedar River in Cedar Falls, Iowa, USA 
using D-nets ( mesh size 1. 0 mm). Surrounded by urban landscape, the source riffle ( ~ 100 
x 50 m) does not have canopy cover. The substrate is composed of cobble (13-25 cm) 
50% embedded in pebble (2-6 cm). Depth (~0.5-1.0 m) and current velocity (~0.75 
cm/min) were variable depending on sampling location and date. For each sampling visit, 
forty individuals were placed into one cooler (7 L capacity) containing two rock-filled 
plastic containers (10.6 x 10.6 x 8.3 cm) with six circular holes (12 mm diam.) on each 
side and filled with river water for transportation (<10 min) to the laboratory. Standard 
water chemistry measurements were taken on each visit to ensure consistent water quality, 
and were similar during all visits. 
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ACE Activity Determination 
Acetylthiocholine iodide (ATCI), used as an artificial substrate during the assay 
reaction, has a sulfur atom that replaces the esteric oxygen in acetylcholine (natural 
substrate). ATCI hydrolysis as it reacts with ACE results in the formation of an acetate 
ion and a negatively charged thiocholine complex. This complex reacts with the 
colorimetric reagent 5,5-dithiobis-2-nitrobenzoic acid (DTNB) to generate a stable, yellow 
colored anion (5-thio-2-nitrobenzoate) that absorbs light most strongly at 412 nm. The 
yellow colored ion's rate of formation was measured spectrophotometrically, and the 
change in optical density was used to calculate ACE activity for each sample. 
The microplate wells for all trials contained four solutions added in the following 
order: 1) Tris pH 8.0 buffer solution; 2) DTNB; 3) homogenized I. bicolor head capsule 
aliquot (source of ACE); and 4) ATCI substrate (Table 1.1). ATCI was added last 
because its addition to microplate wells begins the hydrolysis reaction with ACE. 
All reagents were obtained from Sigma Chemical (St. Louis, MO, USA). Tris 
buffers (pH 8.0 and 7.4) were stored at 4°C for no longer than 3 weeks, and were adjusted 
to appropriate pH values prior to each analysis. ATCI and DTNB were prepared fresh for 
each analysis. 
Table 1.1. Volumes (µl) of reagents pipetted into microplate wells for analysis of ACE 
activity in J. bicolor. 
Reagents Blank ACE 
Tris pH 8.0 buffer solution 200 170 
5,5-dithiobis-2-nitrobenzoic acid 20 20 
Sample homogenate (ACE) 0 30 
Acetylthiocholine iodide 30 30 
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Each samples' ACE activity was measured in triplicate in a 96-well microplate as 
the rate of increase in absorbance at 412 nm with a microplate-reading spectrophotometer 
(SpectraMAX Plus, Molecular Devices, Sunnyvale, CA, USA) connected to a computer 
using software (SoftMAX PRO, Molecular Devices, Sunnyvale, CA, USA) to determine 
the highest ACE activity. Absorbance measurements for all trials were read in all wells 
every 12 seconds for five minutes after an initial one minute lag time. The following 
formula converted mOD output units into international units of enzyme activity: 
{[(enzyme mOD/min)-(blank mOD/min)]/1000} x 0.817 x dilution factor= 
(µmoles ATCI hydrolyzed/min)/gram tissue 
It should be noted that 0.817 is a constant that factors in path length (0. 7 cm), extinction 
coefficient of yellow reaction product (13,600 L/moles/cm), and dilution of homogenate 
(250/30) in the reaction mixture (Gard and Hooper 1993). 
27 
Homogenate Preparation-TXl00 Trials 
Triton Xl 00 ( octylphenol ethylene oxide condensate) is a stable, nonionic, non-
denaturing detergent that is often used in biological applications to solubilize proteins. 
Although Triton Xl 00 (TXl 00) has been incorporated into buffer solutions to 
homogenize tissues in aquatic insect samples (Olsen et al. 2001; Fisher et al. 2000), its 
effectiveness has been variable when used with fish and other invertebrate tissues in ACE 
assays (e.g., Mineau 1991; Di Giulio 1994). In this experiment to determine TXlO0 
detergent effects on ACE activity in I. bicolor head capsules, homogenates were prepared 
with Tris pH 7.4 buffer solution containing 0.5% TXlO0 and with Tris pH 7.4 buffer 
solution without TXl 00. 
Upon arrival at the laboratory, three replicates of 4-6 head capsules each were 
blotted dry with Kimwipes and weighed together to the nearest tenth of a milligram. 
Head capsules were diluted (200: 1) with one of the two buffer solutions and homogenized 
for approximately 1. 5 minutes, or until no visible particles were present, in a chilled glass 
tissue grinder. Homogenates were then centrifuged for ten minutes at 14,000 rpm. The 
iced homogenates were then immediately analyzed for ACE activity (see above). The data 
were statistically analyzed using t-tests to determine if the two homogenate preparations 
were significantly different (SAS® 2000). 
ATCI Substrate Concentration 
The objective for these tests was to optimize the ATCI concentration needed for 
assaying I. bicolor head capsule homogenates. Forty late instar I. bicolor head capsules 
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( 6 at a time) were diluted (200: 1) with Tris 7.4 buffer containing TXlO0 detergent 
solution (0.5%), homogenized, and pooled as the ACE source for substrate testing. A 
stock concentration (0.0833 M ATCI) was made with twice-distilled reverse osmosis 
water. Serial dilutions (0.0833, 0.0264, 0.00833, 0.00264, 0.000833, and 0.000264 M 
ATCI) were then made from the stock solution for the first optimization. Based on results 
from the first optimization, the stock solution for the second optimization was diluted into 
smaller increments (0.0833, 0.0662, 0.0526, 0.0418, 0.0312, and 0.0264 M ATCI) to 
determine the optimum ATCI concentration based on resulting ACE activities. Each 
concentration was assayed in triplicate (see above). 
Assay Temperature 
Marden et al. (1994) and Detra and Collins (1986) found that reaction temperature 
affects ACE activity. The objective for these experiments was to optimize the assay 
temperature at which J. bicolor head capsule ACE activity is quantified. "Assay 
temperature" refers to the temperature within individual microplate wells while the 
spectrophotometer is reading. Four separate assays were run testing a temperature range 
from 22-36°C. Temperatures were measured in randomly selected microplate wells before 
and after each reading. For each assay, 40 late instar I. bicolor head capsules (6 at a time) 
were diluted 200: 1 with Tris pH 7.4 buffer containing TXlO0 (0.5%), homogenized, and 
pooled as the ACE source. Because head capsule homogenates, ATCI and DTNB are 
pipetted in small volumes relative to the Tris pH 8.0 buffer, actual temperatures were 
manipulated by adjusting the Tris pH 8.0 buffer solution temperature before pipetting. 
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The Pearson product-moment correlation coefficient was used to determine if correlations 
between temperature and ACE activity were significant (SAS® 1999). 
Results and Discussion 
Triton XlO0 
Significantly (p = 0.0111) higher activities were observed in homogenates prepared 
with Tris pH 7.4 buffer containing TXlO0 (0.5%) detergent relative to buffer only 
homogenates (Figure 1. 1). Homogenization with Tris pH 7.4 buffer containing TXlO0 
(0.5%) apparently releases more ACE from cellular membranes into homogenate 
solutions, increasing the observed ACE activities. For all subsequent assays, I. bicolor 
head capsules were diluted and homogenized with Tris pH 7.4 containing TXlO0 (0.5%) 
buffer solution. Fisher et al. (2000) reported using a sodium hydrogen phosphate buffer 
containing 0 .1 % TXl 00 while assaying whole C. riparius, and Marden et al. ( 1994) used 
a pH 7.4 buffer solution containing 0.5% TXl00 to investigate avian ACE activities. 
Ibrahim et al. (1998) also reported using TXl00 in phosphate buffer pH 7.4. However, 
these studies did not indicate if adding TXl 00 improved ACE solubility. Di Giulio et al. 
(1994) observed differences in the effectiveness of TXlO0 in solubilizing ACE from 
synaptosomes and microsomes offish compared to those of crab. Mineau (1991) also 
reported inconsistency with TXl 00 efficacy after fish brain tissue homogenized with 
TXl00 resulted in a 10-150% increase in specific ACE activity, while similar treatment 
with crab ganglion tissue resulted in a 0-40% change in ACE activity. This study provides 
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evidence that TXl 00 increases ACE solubilization from I. bicolor head capsules, and that 
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Figure 1.1 The addition of the detergent TXl00 (0.5%) to Tris pH 7.4 buffer solutions 
significantly (p = 0.0111) increased the amount of ACE present in I. bicolor homogenate. 
p-value is from a t-test 
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Substrate Concentration 
Results from the initial substrate optimization assays (Figure 1.2) indicated that 
optimum ACE activity occurred at a substrate concentration between 0.0833 and 0.00833 
M ATCI. A subsequent optimization involving smaller increments between the above 
concentrations found that the optimum ACE activity occurred using a 0.0418 M ATCI 
concentration (Figure 1.3). Previous work (Detra and Collins 1986; Fisher et al., 2000) 
with whole C. riparius determined that ATCI substrate concentration optimization is 
necessary when quantifying ACE activity in aquatic insects. Detra and Collins (1986) 
found that a 0.64 mM acetylthiocholine concentrations produced the highest ACE 
activities. Fisher et al. (2000) found that a 4.0 mM ATCI concentration was not rate 
limiting over a 15 minute assay. Comparisons between ATCI concentrations in this study 
using I. bicolor head capsules and previous studies using individual whole chironomids are 
speculative because ACE enzyme concentrations may vary among species and tissues, 
consequently affecting optimum substrate hydrolysis. For all subsequent ACE analyses of 
I. bicolor head capsule homogenates, a 0.0418 M ATCI solution was used. 
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8.33 2.64 0.833 0.264 0.0833 0.0264 
ATCI ( x 10"2 M) 
Figure 1.2 Results from the initial optimization assays indicated that the optimum ATCI 
concentration for quantifying I. bicolor head capsule ACE activity was between 0.0833 M 
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Figure 1. 3 Results from the final optimization assays indicated that the optimum ATCI 
concentration for quantifying I. bicolor head capsule ACE activity was 0.0418 M 
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Assay Temperature 
After incorporating results from the ATCI substrate concentration and TXl00 
detergent trials into the protocol, assay temperature effects on J. bicolor head capsule 
ACE activity were investigated. During each six minute assay the temperature drop within 
microplate wells was ~ 1-2°C. Results from these temperature optimization tests indicated 
that the optimum temperature for quantifying I. bicolor ACE activity in head capsule 
homogenates is ~32°C (r = 0.497; p = 0.0085; Figure 1.4). This temperature is similar to 
that reported in other aquatic insect ACE studies (Detra and Collins 1986; Beauvais et al. 
1999; Fisher et. al. 2000). Detra and Collins (1986) optimized the assay temperature for 
analyzing individual whole C. riparius ACE activities and found that 30°C produced the 
highest ACE activity. Fisher et al. (2000) and Beauvais et al. (1999) reported that 
microplates were incubated at 30°C prior to C. riparius ACE activity analyses. Although 
this study found a slightly higher optimum temperature, all subsequent J. bicolor ACE 
activity assays were conducted at ~32°C. 
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Figure 1.4. Results from assay temperature experiments indicated that the optimum assay 
temperature for quantifying I. bicolor ACE activity is ~32°C. The Pearson product-
moment correlation coefficient was used to determine if correlations between variables 
were significant (r = 0.497; p = 0.0085) 
Conclusions 
Results from this study indicated that Triton X-100 (0.5%) detergent significantly 
increases I. bicolor head capsule ACE activity. A 0.0418 molar solution is the optimum 
acetylthiocholine iodide stock concentration to use with a 200 fold dilution of I. bicolor 
head capsules, and the optimum reaction temperature is ~32°C. This study was a 
necessary first step in determining the potential for using I. bicolor ACE activity as a 
biomarker of OP insecticide exposure, but more preliminary testing is necessary to 
investigate possible ACE activity differences among allopatric field populations and to 
determine ACE activities following exposure to OP insecticides. 
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CHAPTER TWO 
ESTABLISHING BASELINE ISONYCHJA BICOLOR ACETYLCHOLINESTERASE 
ACTIVITY THROUGH FIELD AND LABORATORY STUDIES 
Abstract 
This study investigated potential differences in baseline Jsonychia bicolor 
(Ephemeroptera: Isonychiidae) acetylcholinesterase (ACE) activities of three allopatric 
field populations, and the effects of stream microcosm temperature and nutrients on 
I. bicolor ACE activity. Baseline I. bicolor ACE activities from the Cedar, Upper Iowa 
and Volga Rivers, Iowa, USA, were determined immediately following collection, and 
again after the insects had been maintained in laboratory stream microcosms for 30 days. 
In a separate study I. bi color were maintained for 10 days under four different constant 
temperature treatments (5, 10, 19, 25°C), and one fluctuating temperature treatment 
(15-22°C) to determine temperature effects on ACE activity. In a final experiment, field 
collected I. bicolor were maintained for 20 days in stream microcosms under the following 
nutrient treatments: 1) periphyton slurry; 2) "artificial" nutrients; 3) periphyton slurry and 
"artificial" nutrients; and 4) no nutrients, to determine nutrient effects on J. bicolor ACE 
activity. 
Acetylcholinesterase activities in J. bicolor that were immediately analyzed after 
collection were significantly (p ~ 0.05) lower from the Volga and Upper Iowa Rivers 
(1.628 and 5.453 µmol ATCI hydrolyzed/min/g tissue, respectively) relative to the Cedar 
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River (15.213 µmol ATCI hydrolyzed/min/g tissue). After 30 days in the artificial 
streams, I. bicolor head capsules from the Cedar and Volga Rivers had nearly identical 
ACE activities (17.126 and 17.339 µmol ATCI hydrolyzed/min/g tissue, respectively) and 
those from the Upper Iowa had increased to 14.224 µmol ATCI hydrolyzed/min/g tissue. 
These results suggest that although I. bicolor ACE activities appear to have been 
depressed by some factor in the Volga and Upper Iowa Rivers, baseline activities among 
different populations appear to be similar. Acetylcholinesterase activities in the 19 and 
25°C stream microcosm treatments were significantly (p ~ 0.05) higher than the other 
treatments and similar to I. bicolor ACE activities taken directly from the river. These 
results suggest that there may be seasonal changes in baseline ACE activity. Although 
there were significant (p ~ 0.05) differences in the amount of nutrients available among 
stream microcosm treatments, I. bicolor ACE activities among treatments were not 
significantly (p = 0.41) different, suggesting that nutrients do not need to be supplied 
during short-term microcosm testing. 




Organophosphorous (OP) insecticides are applied around the world to many 
habitats, and may enter surface waters through drift or runoff (Willis and McDowell 1982; 
Ramade 1987; Edwards and Fisher 1991; Liess and Schulz 1999). In the United States 
OP insecticides are the most widely used class of insecticides because of their wide range 
of activity, short persistence in soil, and low capacity for bioaccumulation (Hill 1995). 
Over 100 different OP and carbamate compounds are registered for use in thousands of 
products (Smith 1987). 
Organophosphorous and carbamate insecticides bind to acetylcholinesterase (ACE) 
and inhibit hydrolysis of the neurotransmitter acetylcholine in target and nontarget species, 
resulting in acetylcholine accumulation in the synaptic cleft that can cause excess nervous 
system stimulation that can be lethal. While ACE inhibition caused by carbamate 
insecticides is considered reversible, inhibition by organophosphorous insecticides is 
regarded as irreversible (Mineau 1991). One to three weeks may be necessary for 
recovery following exposure to OP insecticides because new ACE must be synthesized by 
the organism (Fleming 1981; Fleming and Grue 1981 ). 
Studies investigating ACE inhibition in aquatic macroinvertebrates have used 
crustaceans or mollusks as test organisms (e.g., Coppage and Matthews 1974; Kobayashi 
et al. 1986; Srinivasulu Reddy and Ramana Rao 1988; Repetto et al. 1988; Galgani and 
Bocquene 1990; Boquene and Galgani 1991; Abdullah et al. 1994; Crane et al. 1995; 
Fleming et al. 1995). Although these studies have shown that ACE inhibition in 
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crustaceans and mollusks can be used as a bioindicator of OP insecticide exposures, 
crustaceans and mollusks do not inhabit most interior streams and rivers in great 
abundance, and the species that are present often do not have a broad geographic 
distribution. In contrast, aquatic insects are the dominant macroinvertebrates, in terms of 
abundance and species richness, in most streams and rivers, and many species have a 
broad geographic distribution. Surprisingly, little attention has been given to investigating 
ACE inhibition in stream insects in response to OP insecticide exposure. 
Olsen et al. (2001) used an in situ system to expose laboratory reared Chironomus 
riparius (Diptera: Chironomidae) larvae for 48 h in separate uncontaminated river sites, 
and then analyzed individual organisms for ACE and glutathione S-transferase (GST) 
activities. Although there were no clear relationships between biomarker activities and 
physical or chemical characteristics such as temperature, dissolved oxygen, pH, etc., ACE 
and GST activities were significantly (p < 0.0001) different among sites, suggesting other 
undetected differences among field sites. Use of aquatic insect ACE inhibition as a 
bioindicator of OP insecticide exposure has also been supported in other studies (Day and 
Scott 1990; Detra and Collins 1991; Beauvais et al. 1999; Fisher et al. 2000). Day and 
Scott (1990) found that exposure to chlorpyrifos at concentrations approaching lethality 
(40 µg!L) resulted in 30-45% reductions in ACE activity in the stonefly Claassenia sp. 
(Plecoptera: Perlidae). Detra and Collins (1991) found that a quantitative relationship 
existed between parathion concentration, duration of exposure, and ACE inhibition in C. 
riparius. Beauvais et al. (1999) found that individual C. riparius ACE activities were 
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inhibited by ~95% following exposure to 0.5 µg!L chlorpyrifos, but were able to recover. 
Fisher et al. (2000) optimized assay conditions for detecting ACE inhibition in individual 
whole C. riparius. Apparently no other studies have investigated: 1) baseline ACE 
activities in field populations; 2) nutrient effects on ACE activity; and 3) temperature 
effects on ACE activity. However, these preliminary studies are necessary prior using 
ACE inhibition to detect potential OP insecticide contamination using field populations. 
Late instar Isonychia bicolor (Ephemeroptera: Isonychiidae) head capsule ACE 
activity was selected as a potential bioindicator of OP insecticide contamination in 
streams. The mayfly I. bicolor is widely distributed and abundant especially throughout 
the Eastern and Midwest regions of the United States (Kondratieff and Voshell 1984; 
Pontasch and Cairns 1989; Breneman and Pontasch 1994; Merritt and Cummins 1996) and 
has been maintained for extended periods in stream microcosms (e.g., Breneman and 
Pontasch 1994). 
During previous research, methods and conditions for quantifying I. bicolor head 
capsule ACE activity were optimized (Chapter 1). Objectives for this study were to: 1) 
determine if"normal" baseline I. bicolor ACE activity differs among allopatric populations 
in Northeast Iowa streams; 2) determine temperature effects on baseline I. bicolor ACE 
activity; and 3) determine nutrition effects on baseline ACE activity. 
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Materials and Methods 
Site Descriptions 
Late instar I. bicolor were collected from riffles located on the Upper Iowa, 
Volga, and Cedar Rivers in Northeast Iowa (Figure 2.1). The Volga River is a third order . ,, 
stream, and the source riffle substrate was composed of cobble (13-25 cm) unembedded in 
pebble (2-6 cm). The riffle ( ~40 x 10 m) was bordered by deciduous trees and tall 
grasses, but they provided little canopy cover. Stream depth ranged from 0.2 - 1.26 m, 
and current velocity was 0.9 mis. The Upper Iowa River is a fourth order river, and the 
source riffle (~70 x 25 m) was composed of cobble (13-25 cm) 50% embedded in smaller 
cobble (6-13 cm). Stream depth ranged from 0.25 to 1 m, and the current velocity was 
0.25 mis. Deciduous trees and tall grasses provided ~5% canopy cover. The Cedar River 
is a fifth-sixth order river containing substrate that was mainly composed of cobble (13-25 
cm) 50% embedded in pebble (2-6 cm). Depth was between 0.5 and 1 m, and current 
velocity was 1.25 mis. No canopy cover was available at this riffle ( ~ 100- x 50 m). All 
three rivers lie in bedrock that is dominated by limestone and other carbonate rocks that 
produce relatively hard water (~250 mg/L CaCO3) with basic (~8.5) pH values. Water 
chemistry values from the Volga, Cedar and Upper Iowa Rivers were similar to laboratory 
stream microcosm values. 
Figure 2.1 Riffle locations on the Cedar, Upper Iowa, and Volga Rivers in Northeast 
Iowa where Isonychia bicolor (Ephemeroptera: Isonychiidae) were collected (UIDE = 
Upper Iowa at Decorah; CRCF = Cedar River at Cedar Falls; VRSP = Volga River at 
State Park) 
Derivation and Maintenance of Test Organisms 
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Isonychia bicolor were collected from riffle sites using a standard D-net (mesh size 
~ 1. 0 mm). lsonychia bi color for laboratory nutrition and temperature studies were 
collected only from the Cedar River. For all studies,/. bicolor from field sites were 
identified and transferred to a cooler (7-L capacity) containing two rock-filled plastic 
containers (10.6 x 10.6 x 8.3 cm) with six circular holes (12 mm diam.) on each side and 
filled with river water for transportation back to the laboratory. During transportation 
from the Volga and Upper Iowa Rivers (> 1 hr), temperature and dissolved oxygen were 
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maintained near ambient stream conditions by pumping air through a small radiator placed 
in a cooler of ice; the cooled air was then shunted to each cooler and eventually out 
through an air-stone. Transporting insects in this manner results in few, if any, mortalities 
(Pontasch and Cairns 1989; Pontasch and Cairns 1991 ). 
The stream microcosms (1.7 x 0.24 x 0.13 m channel) used during laboratory 
testing were constructed of molded fiberglass and contained six rock-filled plastic 
containers (described above). Each oval stream was covered by an 1.0 x 0.75 x 0.3 m 
emergence net (mesh size~ 1 mm). Two 120-cm Durotest Vitalites® (Durotest Corp., 
New Bergen, NJ) over each stream provided a photoperiod corresponding to natural 
ambient conditions. A 13-cm standpipe, covered with a~ 1.0 mm mesh screen to prevent 
insect escape, maintained a volume of 55 L. Current (25 emfs) was provided by a 
paddlewheel attached to an iron rod powered by a 0.25-hp electric motor. Dechlorinated 
tap water was supplied to each stream at a constant rate ( 40 ml/min) from a head box 
system resulting in approximately one complete turnover per day. 
Determination of ACE 
Isonychia bicolor head capsules were homogenized in a chilled glass tissue 
homogenizer with enough Tris pH 7.4 buffer containing 0.5% TXlO0 to give a 200: 1 
dilution. Homogenates were centrifuged (15 min; 14,000 rpm) and supernatant aliquots 
were frozen (-80°C) until ACE activity was quantified in a microplate-reading 
spectrophotometer (SpectraMAX Plus, Molecular Devices, Sunnyvale, CA, USA) using a 
modification of the Ellman method (Ellman et al. 1961). Each microplate well reaction 
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contained an aliquot of I. bicolor head capsule supernatant (30 µl), acetylthiocholine 
iodide (0.0418 M; 30 µl), 5,5-dithiobis-2-nitrobenzoic acid (DTNB) colorimetric reagent 
(20 µl), and Tris pH 8.0 buffer solution (170 µI). Acetylthiocholine (ATCI) hydrolysis as 
it reacts with ACE results in two byproducts, an acetate ion and a negatively charged 
thiocholine complex. The thiocholine complex reacts with DTNB to generate a stable, 
yellow colored anion (5-thio-2-nitrobenzoate) that absorbs light most strongly at 412 nm. 
The optimum reaction temperature (~32°C) was maintained by warming Tris pH 8.0 
buffer to 65°C, and keeping the DTNB, head capsule supernatant aliquots and ATCI all on 
ice. A blank (200 µl Tris pH 8.0 buffer; no ACE) and check standard, consisting of 
pooled homogenate supernatant from approximately 100 /. bi color head capsules, were 
also analyzed on each microplate. 
ACE activity was measured in triplicate as the rate of increase in absorbance at 
412 nm. Each sample was measured in triplicate and absorbance measurements for all 
trials were read in all wells every 12 seconds for five minutes after an initial one-minute lag 
time. Software (SoftMAX PRO, Molecular Devices, Sunnyvale, CA, USA) was used to 
determine the highest (Vmax) ACE activity. The following formula was used to convert 
mOD output units into international units of enzyme activity: 
{[(enzyme mOD/min)-(blank mOD/min)]/1000} x 0.817 x dilution factor= 
(µmoles ATCI hydrolyzed/min)/gram tissue 
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Field Baseline ACE 
Eighteen I. bicolor from each river (Upper Iowa, Cedar, and Volga) were 
randomly selected upon arrival at the laboratory and three replicates of six head capsules 
each were immediately homogenized. Isonychia bicolor (60) collected at the same time 
from each river were placed into stream microcosms designated for each source river and 
maintained for 30 days. Isonychia bicolor (three sets of 6) head capsules from each 
microcosm were then homogenized and frozen (-80°C) for later ACE activity 
quantification. Statistical analyses used I-tests to compare the artificial and natural stream 
ACE activities for each river. A one-way analysis of variance (AN OVA) followed by 
Duncan's Multiple Range Test for the separation of means were used to compare both 
artificial and natural stream activities among river sources (SAS® 2000). 
Temperature Effects 
Isonychia bicolor ( 400) were collected from the Cedar River, and 25 were placed 
in each of 16 coolers for transportation to the laboratory (see above). At the laboratory 
18 I. bicolor were randomly selected from the coolers, separated into three samples of six, 
and their head capsules were immediately homogenized and frozen (-80°C) for later 
determination of source riffle ACE activities. Isonychia bicolor (25) were then added to 
each of fifteen stream microcosms having four different constant temperature treatments 
(5, 10, 19, 25°C) and one fluctuating temperature treatment (15-22°C) that reflected diel 
temperature fluctuations in the source riffle; each was replicated in triplicate. 
Temperatures were maintained by using chillers, heaters or both during the testing period. 
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Microcosm temperatures were slowly raised or lowered from the ambient river 
temperature at the time of collection (22°C) over 48 h and were monitored daily. After 
10 d at treatment temperatures I. bi color head capsules ( 6) randomly selected from each 
stream microcosm were homogenized and frozen (-80°C). A one-way ANOVA followed 
by Duncan's Multiple Range Test for the separation of means was used to compare ACE 
activities from different temperature treatments (SAS® 2000). 
Nutrition Effects 
The laboratory stream microcosms were also used to investigate nutrient ~ffects on 
baseline I. bicolor ACE activity. Four separate treatments: 1) periphyton slurry; 
2) "artificial" nutrients; 3) periphyton slurry and "artificial" nutrients; and 4) no nutrients, 
were replicated in triplicate in 12 artificial streams. To provide a food source for 
1 bicolor, a collector-filterer, periphyton was colonized for 72 h on 20, ~25 cm3 
polyurethane foam units (PFUs) placed into the same Cedar River riffle that I. bicolor 
were sampled from. Beginning on day zero, and every 72 h thereafter, the PFUs were 
squeezed into a bucket, and 500 ml of the resulting periphyton slurry were placed in the 
appropriate stream microcosms. The "artificial" nutrient was a mixture of finely ground 
trout chow (6.3 g), dried yeast (2.0 g), dried alfalfa (0.5 g), and distilled water (500 ml) 
that was blended at high speed in a mixer for five minutes. Beginning on day zero 200 ml 
were added to the appropriate microcosms every 72 h. 
Isonychia bicolor (675) were collected from the Cedar River and transported to 
the laboratory in 27 coolers (25 in each cooler). Jsonychia bicolor (6) head capsules were 
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randomly selected from each of three coolers and immediately homogenized. The 
supernatant was frozen (-80°C) in cryovials for later determination of natural Cedar River 
ACE activities. Insects in the remaining 24 coolers were randomly assigned (2) to each of 
the 12 artificial streams. Jsonychia bicolor head capsules (6) were randomly collected 
from each microcosm and homogenized on days 10 and 20 after test initiation. 
Homogenate supernatant was then frozen (-80°C) for later ACE analysis. On days 0, 6, 
and 12 water samples from each stream were collected and analyzed for chlorophyll a. 
Mean chlorophyll a and ACE activities among nutritional treatments were statistically 
analyzed by a general linear models procedure for unbalanced analysis of variance that, 
when significant, were followed by Duncan's Multiple Range Test for the separation of 
means (SAS® 1999). 
Results and Discussion 
Field Baseline ACE 
Acetylcholinesterase activities were significantly (p ~ 0.05) lower in J. bicolor 
head capsules immediately homogenized from the Volga and Upper Iowa Rivers (1.628 
and 5.453 µmol ATCI hydrolyzed/min/g tissue, respectively) relative to the Cedar River 
(15.213 µmol ATCI hydrolyzed/min/g tissue). These results suggest that J. bicolor ACE 
activities in both the Volga and Upper Iowa Rivers were inhibited by some factor 
(Figure 2.2). Baseline ACE activities from I. bicolor head capsules collected from 
Northeast Iowa streams may be influenced by agricultural practices, landscape features, 
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and precipitation patterns. Additionally, OP insecticide application methods may vary 
between applicators, and yearly crop rotations may influence the amount of insecticide 
available for drift or runoff. It is interesting to note that corn is often planted each year 
without rotation with soybeans in the Upper Iowa and Volga River watersheds, resulting 
in the need for more insect pest control. However, the lack of chemical analyses for OP 
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Figure 2.2 I. bicolor head capsules from three Northeast Iowa streams indicated that 
ACE activities were significantly lower in the Volga and Upper Iowa Rivers relative to the 
Cedar River. p-value is from a one-way ANOV A. Bars with the same letters are not 




















Figure 2.3 After 30 days in stream microcosms, Cedar and Volga River/. bicolor head 
capsule ACE activities were nearly identical and Upper Iowa River activities had risen. 
p-value is from a one-way ANOV A . Bars with the same letters are not significantly 
different (p > 0.05) based on Duncan's Multiple Range Test. 
After 3 0 d in the stream microcosms ACE activities in/. bi color taken from the 
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Cedar and Volga Rivers were nearly identical, and Upper Iowa River levels had risen. 
However, ACE activities from the Upper Iowa River were still significantly (p ~ 0.05) 
different from both Cedar and Volga Rivers (Figure 2.3). These results suggest that/. 
bicolor ACE activity can recover from inhibition, and that "normal" baseline ACE activity 
is similar among allopatric populations and should be approximately 17 µmol ATCI 
hydrolyzed/min/g tissue during summer months in Northeast Iowa streams (Figure 2.4). 
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Figure 2.4 After 30 days in stream microcosms/. bicolor head capsule ACE activities had 
significantly increased compared to /. bicolor immediately analyzed from corresponding 
riftle sites. Individual stream p-values are from a t-test 
Temperature Effects on Baseline ACE 
Results from the temperature study indicated that /. bicolor ACE activities in the 
19 and 25°C microcosm treatments were significantly (p < 0.05) higher than in other 
treatments, and similar to head capsule ACE activities in /. bicolor taken directly from the 
Cedar River (Figure 2.5). These results suggest that there is seasonal variability in 
baseline ACE activities and that/. bicolor should be acclimated to ~20°C prior to 
homogenization. Because stream temperature may vary among stream locations and 
seasons, understanding baseline ACE activity fluctuations due to temperature provides 
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Figure 2. 5 ACE activities from I. bi color head capsules were significantly higher in the 19 
and 25°C treatments and were similar to ACE levels from the Cedar River. p-value is from 
a one-way ANOVA. Bars with the same letters are not significantly different (p > 0.05) 
based on Duncan's Multiple Range Test. * Cedar River data were not included in the 
statistical analysis 
Nutrition Effects on Baseline ACE 
Mean chlorophyll a over all dates was significantly (p ::::: 0.05) higher in the 
periphyton and periphyton-"artificial" nutrient treatments (Figure 2.6). However, ACE 
activities among treatments were not significantly (p = 0.6196) different on day 10 and 
were similar to Cedar River ACE activities (Figure 2. 7). Similarly, ACE activities were 
still not significantly different on day 20 (Figure 2.8). These results suggest that a 
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Figure 2.6 Mean chlorophyll a levels in stream microcosm over all dates were 
significantly different among treatments (Peri = periphyton slurry; Artif = "artificial" 
nutrition). p-value is from a one-way ANOV A . Bars with the same letters are not 
significantly different (p > 0.05) based on Duncan's Multiple Range Test. * Cedar River 
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Figure 2.7 ACE activities among nutrient treatments (Artif= artificial nutrients; 
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Peri = periphyton slurry) were not significantly different on day 10. p-value is from a one-
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Figure 2.8 ACE activities among nutrition treatments (Artif= "artificial" nutrition; Peri= 
periphyton slurry) were not significantly different on day 20. p -value is from a one-way 
ANOV A. * Cedar River data were not included in the statistical analysis 
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Stream microcosms can be important tools for both basic and applied research 
(Pontasch 1995), and these experiments provide important information about nutrient and 
temperature effects on baseline I. bicolor ACE activities in stream microcosms and 
baseline summer ACE activities from three Northeast Iowa rivers. These initial 
investigations into what constitutes baseline ACE activities in I. bicolor will help in 
evaluating potential OP insecticide contamination in streams that may be susceptible to 
such contamination during brief periods each year. Other variables that may affect 
baseline ACE activity should also be considered to gain more knowledge of ACE activity 
fluctuations. For example, developmental stage may affect ACE activities (e.g., Ibrahim 
and Ottea 1995). Similarly, photoperiod may also be an important factor when 
establishing baseline ACE activity and will also need to be investigated. 
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CHAPTER THREE 
ISONYCHIA BICOLOR (EPHEMEROPTERA: ISONYCIDIDAE) 




Stream microcosms were used to expose late instar Jsonychia bicolor 
(Ephemeroptera: Isonychiidae) to chlorpyrifos for 48 h during two separate laboratory 
experiments (11/2000 and 9/2001). Stream microcosms were dosed with nominal 
chlorpyrifos concentrations of 0.0, 0.01, 0.1, 1.0 and 10.0 µg/L (11/2000), and 0.0, 0.37, 
1.11, 3.33 and 10.0 µg!L (9/2001). The objective for this testing was to characterize 
acetylcholinesterase (ACE) inhibition and recovery by quantifying ACE activity prior to 
dosing and at periodic intervals following exposure. 
Acetylcholinesterase activities during the November 2000 experiment were 
significantly (p ~ 0.05) inhibited after 48 hr in the 10.0 µg/L chlorpyrifos treatments. 
Seven clays after flow-through conditions were initiated, no J. bicolor were present in the 
10.0 µg!L treatments. It was not until day 35 that ACE activities in all treatments began 
to approach "normal" summer levels, possibly due to a winter "dormancy" effect observed 
in initial source riffle ACE activities. During the September 2001 experiment, ACE 
activities were significantly (p ~ 0.05) inhibited in the 1.11 and 10.0 µg/L treatments after 
24 h, and in the 10.0 µg/L treatments after 48 h. Seven days after flow-through 
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conditions were initiated I. bicolor were still present in the 10 µg/L treatment, and, 
although their ACE activity was lower those in the other treatments, it had increased from 
the 48 h level and was not significantly different from the other treatments. However, no 
I. bicolor were present on day 14 in the 10.0 µg/L treatments, and all other treatments had 
recovered to similar ACE activities. Chemical analyses during both experiments verified 
that little or no chlorpyrifos was present in the stream microcosms six days after flow-
through conditions were initiated. These studies indicated that chlorpyrifos concentrations 
near 10.0 µg/L significantly inhibit I. bicolor head capsule ACE activities and may lead to 
I. bicolor mortality after a 48 h exposure. Additionally, J. bicolor with ACE activities 
already lowered by a winter "dormancy" effect may be more susceptible to an OP 
insecticide contamination event. 




Over one hundred different organophosphorous (OP) and carbamate insecticides 
are registered for use in thousands of products applied to many different habitats (Smith 
1987). They can often enter surface waters through aerial drift or surface runoff (Willis 
and McDowell 1982; Liess and Schulz 1999; Bailey et al. 2000), possibly contaminating 
surface waters for short periods each year. However, chemical monitoring is difficult 
because: 1) brief contamination events are not easily detected; 2) OP insecticides often 
rapidly hydrolyze; and 3) chemical analyses to detect OP insecticide residues are 
expensive. 
Organophosphorous insecticides can inhibit acetylcholinesterase (ACE) activity in 
both terrestrial and aquatic organisms for many days following the initial exposure. When 
ACE activity is inhibited, free unbound acetylcholine accumulates in the synaptic cleft 
between neurons causing continual stimulation of the receiving neuron that can alter 
normal behavior, and be lethal. This research investigated: I) I. bicolor ACE inhibition 
following a 48 h exposure to chlorpyrifos, and 2) the recovery period needed for ACE 
activities to return to "normal" following a 48 h exposure to chlorpyrifos. 
The OP insecticide chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyridyl) 
phosphorothioate] is the active ingredient found in many formulations, including Lorsban® 
and Dursban®, and is highly toxic to freshwater fish and invertebrates (USEPA 1989). In 
Iowa it was the second most widely used OP insecticide ( 1.176 million lbs) for corn 
rootworm control in 1995 (Hartzler et al. 1997), and 635,000 pounds were applied to 
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com crops during 2000 (USDA-NASS 2001). Upon entering surface waters, chlorpyrifos 
undergoes a rapid loss phase attributed to hydrolysis within the water column and 
volatilization at the air-water interface. For example, Knuth and Heinis (1992) applied 
chlorpyrifos one time to littoral enclosures and found that aqueous chlorpyrifos residues 
reached maximum concentrations one hour after application. Reported half-lives for the 
5.0 µg!L and 20.0 µg!L treatments were 8 and 4.7 h, respectively. However, low 
concentrations remained in the sediments over the 420 day study. Ludwig et al. (1968) 
reported a <4 h half-life for chlorpyrifos after aerial application to a salt marsh, and 
Reimer and Webster (1980) reported a 5 ± 3 h half-life after chlorpyrifos was applied to 
artificial ponds. Additionally, a laboratory study found the half-life for chlorpyrifos at 20-
21 °C to be 4.8 d at pH 8-8.5 (Frank et al. 1991). In general, chlorpyrifos dissipates 
relatively rapidly from the water column, but may persist for longer periods in sediment. 
Most studies investigating ACE inhibition in nontarget aquatic organisms have 
used fish ( e.g., Coppage and Mathews 1974; 1975; Zinkl et al. 1987; Richmonds and 
Dutta 1992), or macroinvertebrates such as crustaceans or mollusks (Kobayashi et al. 
1986; Bocquene and Galgani 1991; Abdullah et al. 1994; Crane et al. 1995; Fleming et al. 
1995) as test organisms. Although such studies have shown that ACE inhibition in 
crustaceans and mollusks can be used as a bioindicator of OP insecticide exposure, 
crustaceans and mollusks do not inhabit most interior streams and rivers in abundance, and 
species that do are not widely distributed. In contrast, aquatic insects inhabit interior 
streams and rivers in great abundance, and have broad geographic distributions. Although 
stream insect studies have found that exposure to OP insecticides does inhibit ACE 
activity (Day and Scott 1990; Detra and Collins 1991; Beauvais et al. 1999) and 
can affect macroinvertebrate densities (Pusey et al. 1994; Van den Brink et al. 1995), 
relatively little is known about ACE inhibition in stream insects. 
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The mayfly genus Isonychia (Ephemeroptera: Isonychiidae) is widely distributed 
and is especially abundant throughout the eastern and central U.S. (Kondratieff and 
Voshell 1984). Isonychia bicolor, the species chosen for these experiments, can be found 
in stream riffles in the Midwest and East throughout the year (Merritt and Cummins 1996) 
and has been maintained for extended periods in artificial streams (e.g., Pontasch and 
Cairns 1989; Breneman and Pontasch 1994). Previous research with I. bicolor determined 
optimum conditions for quantifying ACE activity (Chapter 1) and baseline ACE activities 
from several allopatric populations (Chapter 2). 
Materials and Methods 
Insect Collection and Transportation 
The Cedar River in Cedar Falls, Iowa, USA, is a fifth-sixth order river that was 
chosen for I. bi color collection because of its relatively "unimpacted" I. bi color ACE 
activities (Chapter 2), high I. bicolor densities and proximity to the laboratory. For each 
stream microcosm toxicity test I. bicolor (990) were identified and 30 insects were 
transferred to each of 33 coolers (7-L capacity) containing two rock-filled plastic 
containers (10.6 x 10.6 x 8.3 cm) with six circular holes (12 mm diam.) on each side, and 
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filled with river water for transportation back to the laboratory. Upon arrival at the 
laboratory, the contents of two coolers (60 insects and four artificial substrate containers) 
were placed into each of 15 artificial streams (see below). Five I. bicolor were randomly 
selected from each of three additional coolers collected at the same time and immediately 
homogenized to quantify I. bicolor ACE activities under ambient conditions in the Cedar 
River. 
Stream Microcosms 
The fifteen stream microcosms (1.7 x 0.24 x 0.13 m channel) were constructed of 
molded fiberglass. Each oval stream was covered by an 1.0 x 0. 75 x 0.3 m emergence net 
(mesh size 1 mm) to prevent adult insect escape. Two 120-cm Durotest Vitalites® 
(Durotest Corp., New Bergen, NJ) over each stream provided a photoperiod 
corresponding to natural ambient conditions. A 13-cm standpipe, covered with a 1.0-mm 
mesh screen to prevent insect escape, maintained a volume of 55 Lin each stream. 
Current (25 emfs) for each stream was provided by a paddlewheel attached to an iron rod 
powered by a 0.25-hp electric motor. Dechlorinated tap water was supplied to each 
stream at a constant rate from a head box system after the initial 48 h exposure. Prior to 
insect collection, the artificial streams were filled with dechlorinated tap water and water 
chemistry measurements were taken. During November, 2000, the artificial streams were 
chilled to near Cedar River temperatures (10°C) prior to insect transfer. Stream 
microcosm temperatures were then gradually raised for 48 h to ~ l 9°C. Prior to test 
initiation in September 2001 the ambient Cedar River temperature (22.5°C) was high 
enough that insects were only acclimated for 24 h prior to dosing at ~ l 9°C. 
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Chlorpyrifos concentrations were prepared by diluting ORTHO Flea-B-Gon® 
(0.5% a.i. by weight) with dechlorinated tap water in a glass beaker. Stream microcosms 
were treated one time and J. bicolor were exposed for 48 h to nominal chlorpyrifos 
concentrations of0.O, 0.01, 0.1, 1.0 and 10.0 µg/L in November, 2000, and 0.0, 0.37, 
1.11, 3.33, and 10.0 µg!L in September, 2001. Microcosm treatment concentrations were 
replicated in triplicate. During chlorpyrifos exposure, standpipes in all artificial streams 
were plugged with rubber stoppers and water flowing into streams was stopped. Insect 
drift was measured one-two hours after dosing by inserting a 15 x 12 cm dip net (mesh 
size 350 µm) into each artificial stream for I minute to capture any drifting I. bicolor. 
Isonychia bicolor (5) for ACE activity analyses were randomly sampled from each 
artificial stream by gently shaking individual rock-filled plastic containers until individuals 
drifted into a dip net. Samples were taken 48 h (2000), or 24 and 48 h (2001) after initial 
dosing to quantify any ACE inhibition. After 48 h exposure, dechlorinated tap water was 
added to each artificial stream at a rate of 40 ml/min (2000) or 200 ml/min (2001) 
resulting in at least one to five turnovers every 24 h, respectively. For both experiments I. 
bicolor were then sampled weekly to characterize ACE recovery. 
Chlorpyrifos Analysis 
Actual chlorpyrifos concentrations in each microcosm were quantified by the State 
Hygienic Laboratory at the University oflowa using samples taken one hour after 
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treatment, and six days after flow-through conditions were initiated. A measured sample 
volume of approximately 1 L was extracted with methylene chloride by shaking in a 
separatory funnel. The methylene chloride extract was isolated, dried and concentrated to 
a volume of 5 ml during a solvent exchange to hexane. Chromatographic conditions were 
optimized to permit the separation and measurement of analytes in the extract by 
Capillary Column GC with a nitrogen-phosphorous detector (Munch 1995). 
ACE Determination 
Isonychia bicolor head capsules were homogenized in a chilled glass tissue 
homogenizer with enough Tris pH 7.4 buffer solution containing 0.5% Triton X-100 to 
give a 200:1 dilution. Homogenate was centrifuged (15 min; 14,000 rpm) and supernatant 
aliquots were frozen (-80°C) until ACE activity was quantified, using a modification of the 
Ellman method (Ellman et al. 1961), in a microplate-reading spectrophotometer 
(SpectraMAX Plus, Molecular Devices, Sunnyvale, CA, USA). Each microplate well 
reaction contained an aliquot of I. bicolor head capsule supernatant (30 µl), 
acetylthiocholine iodide (0.0418 M; 30 µl), 5,5-dithiobis-2-nitrobenzoic acid (DTNB) 
colorimetric reagent (20 µl), and Tris pH 8.0 buffer solution (170 µl). Acetylthiocholine 
(ATCI) reacts with ACE resulting in two byproducts, an acetate ion and a negatively 
charged thiocholine complex. The thiocholine complex reacts with DTNB to generate a 
stable, yellow colored anion (5-thio-2-nitrobenzoate) that absorbs light most strongly at 
412 nm. The optimum reaction temperature (~32°C) was achieved by warming Tris pH 
8.0 buffer to 65°C, and keeping the DTNB, head capsule supernatant aliquots and ATCI 
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all on ice. A blank (200 µl Tris pH 8.0 buffer; no ACE) and check standard, consisting of 
pooled homogenate supernatant from approximately 100 J. bicolor head capsules, were 
also analyzed on each microplate. 
Each sample's ACE activity was measured in triplicate as the rate ofincrease in 
absorbance at 412 nm. Software (Sofl:MAX PRO, Molecular Devices, Sunnyvale, CA, 
USA) was used to determine the highest ACE activity (Vmax). Absorbance 
measurements for all analyses were read in all wells every 12 seconds for five minutes after 
an initial one-minute lag time. The following formula was used to convert mOD output 
units into international units of enzyme activity: 
{ [( enzyme mOD/min)-(blank mOD/min)]/1000} x 0.817 x dilution factor= 
(µmoles ATCI hydrolyzed/min)/gram tissue 
ACE activity data from each sampling date were analyzed by a o~e-way Analysis of 
Variance (ANOVA) followed by Dunnett's Test for determining significant differences 
from a control at the a= 0.05 level (SAS® 1999). 
Results and Discussion 
2000 Chlorpyrifos 
Dissolved oxygen, conductivity, pH, hardness, and alkalinity measured in stream 
microcosms reflected ambient conditions measured in the Cedar River (Table 3 .1 ). Six 
days after flow-through conditions were initiated in the artificial streams, chlorpyrifos 
concentrations were either non-detectable or had been greatly reduced relative to 
chlorpyrifos concentrations immediately following treatment (Table 3.2). 
Table 3.1 Water chemistry characteristics from the Cedar River, Cedar Falls, USA, and 
stream microcosms during the November 2000 chlorpyrifos experiment 
Measurement Cedar River Stream Microcosms 
Temperature (°C) 8.9 19.0 
DO (mg/L 0 2) 10.31 8.4 
Conductivity (mS/cm) 0.382 0.497 
pH 8.10 8.17 
Hardness (mg/L CaC03) 260 203 
Alkalinity (mg/L CaC03) 197 218 
Observations made ~ 1 h following treatment revealed that I. bicolor (mean = 4; 
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S .D. = 1) were exhibiting a drift response only in the 10 µg/L treatments. 
Acetylcholinesterase activities in I. bicolor homogenized immediately after collection from 
the Cedar River (6.57 µmol ATCI hydrolyzed/min/g tissue) were low and similar to initial 
control ACE activities (Figure 3.1). Relative to the controls, ACE activity was 
significantly (p ~ 0.05) reduced by 83% in the 10 µg/L treatments following the initial 
48 h exposure and ACE activities in remaining treatments were ~27% inhibited 
(Figure 3 .1 ). By day nine, seven days after flow-through conditions were initiated, no I. 
bi color were present in the 10 µg/L chlorpyrifos microcosms. Although there was no 
significant (p = 0.3322) difference in ACE activities among remaining treatments after 
seven days of flow-through conditions, ACE activity in treated microcosms were 
substantially lower (~24%) relative to the controls. Similarly, there were no significant 
differences among treatments on day 14 and for the remainder of the study. It is 
interesting to note that by day 3 5 ACE activities in all treatments had risen relative to 
ACE activities on all earlier sampling dates (Figure 3 .2). 
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Thirty five days after flow-through conditions were initiated several observations 
could be made: 1) control ACE activities on day 3 5 were 85% higher relative to control 
ACE activities on day 2; 2) ACE activities in the 0.01, 0.1 and 1.0 µg/L chlorpyrifos 
treatments did not reach the initial control ACE activity until 28-3 5 d following initiation 
of flow-through conditions (Figure 3.2); and 3) I. bicolor exposure to a nominal 10 µg/L 
(actual 7.2-8.4 µg!L) chlorpyrifos concentration for 48 h in stream microcosms resulted in 
mortality. Based on the low initial ACE activities it could be argued that I. bicolor from 
the Cedar River may have been exposed to an anticholinesterase toxicant prior to 
collection. However, because insects were collected during November when insecticides 
are not applied, and because riflle temperatures were low (8.9°C), it is likely that J. bicolor 
had entered into a "winter dormancy" period that lowers ACE activities. Late in the 
study, after 37 days at 19°C, ACE activities began to rise toward "normal" summer levels 
(17 µmol ATCI hydrolyzed/min/g tissue). 
Table 3.2 Chlorpyrifos concentrations (µg/L) in artificial streams one hour after dosing 
and six days after initiation of flow-through conditions (detection limit= 0.01 µg!L) 
Stream Nominal Actual Actual 
(1 h after treatment) (8 dafter treatment) 
Al 1.00 0.600 <0.010 
A2 0.10 0.056 <0.010 
A3 0.00 <0.010 <0.010 
A4 0.01 0.014 <0.010 
AS 10.0 7.700 0.150 
Bl 0.01 0.026 <0.010 
B2 10.0 8.400 0.150 
B3 1.00 0.690 0.014 
B4 0.00 0.017 <0.010 
BS 0.10 0.071 <0.010 
Cl 0.01 0.018 <0.010 
CZ 10.0 7.200 0.140 
C3 1.00 0.540 0.011 
C4 0.10 0.076 <0.010 
cs 0.00 0.026 <0.010 
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Figure 3 .1 Isonychia bi color ACE activities after 48 h exposure to chlorpyrifos, and 7 
and 14 dafter flow-through conditions were initiated. p-value is from a one-way 
ANOVA; * indicates a significant difference (p ~ 0.05) from the control based on 
Dunnett's Test 
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Figure 3.2 Jsonychia bicolor ACE activities 21, 28 and 35 dafter initiation offlow-




Temperature, dissolved oxygen, conductivity, pH, hardness, and alkalinity in the 
stream microcosms reflected ambient conditions measured in the source riffle on collection 
day (Table 3 .3). Actual chlorpyrifos concentrations were close to nominal concentrations 
following dosing, and chlorpyrifos had either been purged or was present in low 
concentrations after 6 d of flow-through conditions (Table 3.4). 
Table 3 .3 Water chemistry characteristics from the Cedar River, Cedar Falls, USA, and 
stream microcosms for September 2000 chlorpyrifos experiment 
Measurement Cedar River Stream Microcosms 
Temperature (°C) 22.5 18.3 
DO (mg/L 0 2) 7.49 7.13 
Conductivity (mS/cm) 0.392 0.470 
pH 8.36 8.16 
Hardness (mg/L CaC03) 203 258 
Alkalinity (mg/L CaC03) 130 199 
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. There was no drift-response observed in any treatments 2 h following treatment. 
Acetylcholinesterase activities in I. bicolor homogenized immediately after collection from 
the Cedar River (11.70 µmol ATCI hydrolyzed/min/g tissue) were similar to initial control 
ACE activities. After 24 h exposure, I. bicolor ACE activities in the 1.11 and 10.0 µg/L 
treatments were significantly (p :,; 0.05) lower than ACE activities in control streams with 
36 and 78% inhibition, respectively (Figure 3.3). However, ACE activities from the 3.33 
µg/L chlorpyrifos treatments were similar to control ACE activities. After 48 h exposure, 
only the 10.0 µg/L treatment was significantly (p :,; 0.05) lower (80% inhibition) than the 
control. By day nine, seven days after initiation of flow-through conditions, ACE 
activities among the treatments were not significantly different (p = 0.0766). However, 
ACE activities were still relatively low ( 4 7% inhibition) in the 10 µg/L treatments (Figure 
3.4). By day 16 there was no significant difference (p = 0.3594) among any of the 
treatments, and there were no surviving I. bicolor in any of the 10.0 µg/L microcosms, so 
it was impossible to quantify further ACE recovery from that treatment. 
78 
Table 3 .4 Chlorpyrifos concentrations (µg/L) in artificial streams one hour after treatment 
and six days after initiation of flow-through conditions (detection limit= 0.0l_µg/L) 
Stream Nominal Actual Actual 
( 1 h after treatment) (8 dafter treatment) 
Al 3.33 2.900 <0.010 
A2 1.11 1.110 <0.010 
A3 10.00 10.000 0.043 
A4 0.37 0.340 <0.010 
AS 0.00 0.020 <0.010 
Bl 1.11 1.200 <0.010 
B2 3.33 2.900 0.021 
B3 10.00 8.800 0.059 
B4 0.00 0.018 <0.010 
BS 0.37 0.340 <0.010 
Cl 10.00 9.200 0.022 
C2 0.37 0.340 <0.010 
C3 3.33 2.800 0.018 
C4 1.11 1.100 <0.010 











p = 0.0006 
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p = 0.0023 
* * 
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0 0.37 1.11 3.33 10.0 D 0.37 1.1 I 3.33 10.0 
Nominal Chlorpyrifos (ug/L) 
Figure 3.3 Isonychia bicolor ACE activities were significantly inhibited following 24 and 
48 h exposure to chlorpyrifos. p-value is from a one-way ANOV A; * indicates a 



















7 d 14 d 
p = 0.0766 p = 0.3594 
0 0.37 I.II 3.33 10.0 0 0.37 I.I I 3.33 
Nominal Chlorpyrifos (ug/L) 
Figure 3 .4 Isonychia bi color ACE activities were not significantly different 7 and 14 d 
after flow-through conditions were established. p-value is from a one-way ANOV A 
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Conclusions 
Initial control treatment ACE activities (10.32 µmol ATCI hydrolyzed/min/g 
tissue) in the 2001 study were higher than those in the 2000 study (6.57 µmol ATCI 
hydrolyzed/min/g tissue), but activities from both years did not approach the "normal" 
summer level of~ 17 µmol ATCI hydrolyzed/min/g tissue. Although all I. bicolor 
eventually died in the 10 µg/L treatments during both experiments after their ACE 
activities had been lowered by 78-83% relative to controls, the lower initial activities in 
November 2000 apparently resulted in a more rapid loss (absent after 48 h) of I. bicolor 
from the 10 µg/L treatments relative to the September 2001 experiment (absent after 7 d). 
Further research is necessary to determine chlorpyrifos' effect on "normal" summer ACE 
activities. 
Overall, results from these experiments suggest that: 1) a 48 h exposure to 10 
µg/L chlorpyrifos significantly inhibits I. bicolor head capsule ACE activity and causes 
mortality; 2) exposures to lower concentrations for 48 h can inhibit ACE activity but I. 
bicolor are able to recover; and 3) winter "dormancy" may increase I. bicolor 
susceptibility to OP insecticides during spring runoff events. 
References 
Abdullah AR, Kumar A, Chapman JC. 1994. Inhibition of acetylcholinesterase in the 
Australian freshwater shrimp (Paratya australiensis) by profenofos. Environ. 
Toxicol. Chem. 13(11): 1861-1866. 
Bailey HC, Deanovic L, Reyes E, Kimball T, Larson K, Cortright K, Conner V, Hinton 
DE. 2000. Diazinon and chlorpyrifos in urban waterways in northern California, 
USA. Environ. Toxicol. Chem. 19(1): 82-87. 
81 
Beauvais SL, Atchison GJ, Stenback JZ, Crumpton WG. 1999. Use of cholinesterase 
activity to monitor exposure of Chironomus riparius (Diptera: Chironomidae) to a 
pesticide mixture in hypoxic wetland mesocosms. Hydrobiologia. 416: 163-170. 
Bocquene G, Galgani F. 1991. Acetylcholinesterase activity in the common prawn 
(Palaemon serratus) contaminated by carbaryl and phosalone: choice of a method 
for detection of effects. Ecotoxicol. Environ. Sa£ 22: 337-344. 
Breneman DH, Pontasch KW. 1994. Stream microcosm toxicity tests: predicting the 
effects offenvalerate on riffle insect communities. Environ. Toxicol. Chem. 13(3): 
381-387. 
Coppage DL, Mathews E. 1974. Short-term effects of organophosphate pesticides on 
cholinesterases of estuarine fishes and pink shrimp. Bull. Environ. Contam. 
Toxicol. 11(5): 483-488. 
Coppage DL, Mathews E. 1975. Brain-acetylcholinesterase inhibition in a marine teleost 
during lethal and sublethal exposures to l,2-dibromo-2,2-dichloroethyl dimethyl 
phosphate (Naled) in seawater. Toxicol. Appl. Pharmacol. 31: 128-133. 
Crane M, Delaney P, Watson S, Parker P, Walker C. 1995. The effect of malathion 60 on 
Gammarus pulex (L.) below watercress beds. Environ. Toxicol. Chem. 14(7): 
1181-1188. 
Day KE, Scott IM. 1990. Use of acetylcholinesterase activity to detect sublethal toxicity 
in stream invertebrates exposed to low concentrations of organophosphate 
insecticides. Aquat. Toxicol. 18: 101-113. 
82 
Detra RL, Collins WJ. 1991. The relationship of parathion concentration, exposure time, 
cholinesterase inhibition and symptoms of toxicity in midge larvae (Chironomidae: 
Diptera). Environ. Toxicol. Chem. 10: 1089-1095. 
Ellman GL, Courtenay DK, Andres, Jr. V, Featherstone RM. 1961. A new and rapid 
colorimetric determination of acetylcholinesterase activity. Biochem. Pharmacol. 7: 
88-95. 
Fleming WJ, Augspurger TP, Alderman JA. 1995. Freshwater mussel die-off attributed to 
anticholinesterase poisoning. Environ. Toxicol. Chem. 14(5): 877-879. 
Frank R, Braun HE, Chapman N, Burchat C. 1991. Degradation of parent compounds of 
nine organophosphorous insecticides in Ontario surface and ground waters under 
controlled conditions. Bull. Environ. Contam. Toxicol. 47: 374-380. 
Freed VH, Chiou CT, Schmedding DW. 1979. Degradation of selected organophosphate 
pesticides in water and soil. J. Agric. Food Chem. 27( 4): 706-708. 
Hartzler R, Wintersteen W, Printgnitz B. 1997. A Survey of Pesticides Used in Iowa Crop 
Production in 1995. Iowa State University Extension Pamphlet Pm-1718. 
Knuth ML, Heinis LJ. 1992. Dissipation and persistence of chlorpyrifos within littoral 
enclosures. J. Agric. Food Chem. 40: 1257-1263. 
Kobayashi K, Nakamura Y, Rompas RP, Imada N. 1986. Difference in lethal 
concentration in vivo between fenitrothion and its oxo-form in tiger shrimp 
Panaeusjaponicus. Bull. Jpn. Soc. Sci. Fish. 52: 287-292. 
KondratieffBC, Voshell, Jr. JR. 1984. The North and Central American species of 
Isonychia (Ephemeroptera: Oligoneuriidae). Trans. Amer. Ent. Soc. 110: 129-244. 
Liess M, Schulz R. 1999. Ranking insecticide contamination and population response in an 
agricultural stream. Environ. Toxicol. Chem. 18(9): 1948-1955. 
Ludwig PD, Dishburger HJ, McNeill JC, Miller WO, Rice JR. 1968. Biological effects and 
persistence ofDursban insecticide in a salt-marsh habitat. J. Econ. Entomol. 61: 
626-633. 
Merritt RW, Cummins KW. 1996. Aquatic Insects of North America, 3rd Ed. 
Kendall/Hunt, Dubuque, Iowa. 
83 
Munch JW. 1995. Method 507 Revision 2.1 Determination of nitrogen- and phosphorous-
containing pesticides in water by gas chromatography with a nitrogen-
phosphorous detector. in Methods for the Determination of Organic Compounds 
in Drinking Water. Supplement 3. USEPA, National Exposure Research 
Laboratory, Cincinnati, Ohio. 
Pontasch KW, Cairns, Jr. J. 1989. Establishing and maintaining laboratory-based 
microcosms of riflle insect communities: their potential for multispecies toxicity 
tests. Hydrobiologia. 175: 49-60. 
Pusey BJ, Arthington AH, McLean J. 1994. The effects of a pulsed application of 
chlorpyrifos on macroinvertebrate communities in an outdoor artificial stream 
system. Ecotox. Environ. Safety. 27: 221-250. 
Reimer GJ, Webster GRB. 1980. Loss of chlorpyrifos in pond water; examination of 
results using three simple mathematical models. J. Environ. Sci. Health, Part B. 
B15(5): 559-569. 
Richmonds C, Dutta H. 1992. Effect of malathion on the brain acetylcholinesterase 
activity of bluegill sunfish Lepomis macrochirus. Bull. Environ. Contam. Toxicol. 
49: 431-435. 
SAS Institute, Inc. 1999. SAS® Procedure Guide, Version 8, Cary, NC, U.S.A.: SAS 
Institute Inc. 1643 pp. 
Smith, G.J. 1987. Pesticide Use and Toxicology in Relation to Wildlife: 
Organophosphorus and Carbamate Compounds. U.S. Fish and Wildlife Service, 
Resource Publ. 170, Washington D.C. 
[USDA-NASS] U.S. Department of Agriculture National Agricultural Statistic Service. 
2001. Agricultural Chemical Usage: 2000 Field Crops Summary. May, 2001. 
http://www.usda.gov/nass/. 
[USEPA] U.S. Environmental Protection Agency. 1989. Registration Standard (Second 
Round Review) for the Reregistration of Pesticide Products Containing 
Chlorpyrifos. Washington, DC. pp. 5-44. 
Van den Brink PJ, van Dank E, Gylstra R, Crum SJH, Brock TCM.1995. Effects of 
chronic low concentrations of the pesticides chlorpyrifos and atrazine in indoor 
freshwater microcosms. Chemosphere. 31(5): 3181-3200. 
Willis GH, McDowell LL. 1982. Pesticides in agricultural runoff and their effects on 
downstream water quality. Environ. Toxicol. Chem. 1: 267-279. 
84 
Zinkl JG, Shea PJ, Nakamoto RJ, Callman J. 1987. Technical and biological 
considerations for the analysis of brain cholinesterase of rainbow trout. Trans. Am. 
Fish. Soc. 116: 570-573. 
85 
CHAPTER FOUR 
MONITORING ISONYCHIA BICOLOR (EPHEMEROPTERA: ISONYCHIIDAE) 
ACETYLCHOLINESTERASE ACTIVITY IN NORTHEAST IOWA, USA, STREAMS 
Abstract 
During July, September and November, 2000 Jsonychia bicolor (Ephemeroptera: 
Isonychiidae) head capsule acetylcholinesterase (ACE) activity was determined at fifteen 
sites on seven streams, and during May, July and September, 2001 ten sites on four 
streams were monitored to determine potential exposure to organophophorous (OP) 
insecticides. In addition, pesticide concentrations and ACE activities were simultaneously 
monitored weekly from May to July, 2001, and immediately before and after three storm 
events at three Volga River sites. ACE activity was also monitored at the Cedar River 
every two weeks during spring and summer, 2001, and then combined with previous 
Cedar River ACE data to determine seasonal effects on I. bicolor ACE activity. 
Results from the 2000 monitoring suggested that sites on the Volga, Upper Iowa 
and Little Cedar Rivers were being impacted by some ACE inhibiting factor and that the 
Cedar River could be used as a "reference" stream. Similarly, with the exception of two 
sampling dates, ACE activities from 2001 were generally lower in the Volga and Upper 
Iowa Rivers relative to the Cedar River. Cedar River I. bicolor ACE activities during 
winter months were significantly (p:;; 0.05) lower relative to summer months, suggesting 
seasonal effects on baseline ACE levels. 
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ACE activities from intensive Volga River monitoring were: I) significantly 
(p ~ 0.05) lower at the Volga River-North Branch following a storm event during June, 
200 I; 2) variable at the Volga River-State Park, although ACE activities were lowered 
after two storm events; and 3) declining over the entire sampling period at the Volga 
River-Twin Bridges. Chemical analyses performed during intensive monitoring in the 
Volga River detected common herbicides in every sample but did not detect any OP 
insecticides. This field study found that I. bicolor head capsule ACE activity can be 
monitored as a biomarker, but inhibition could not be directly attributed to OP insecticide 
exposure. 




Organophosphorous (OP) insecticides are the main pesticides used to control corn 
rootworm infestation in Iowa corn crops. During 1995, 2.749 million pounds of OP 
insecticides were applied to approximately 25% of all corn acres in Iowa (Hartzler et al. 
1997). Aquatic organisms may be exposed to sublethal and lethal concentrations 
following an accidental spill, as a result of spray drift or from runoff following 
precipitation events (Willis and McDowell 1982). However, these contamination events 
are usually brief and often missed, and the high cost to chemically analyze water samples 
prevents monitoring on a regular basis. 
Organophosphorous insecticides inhibit acetylcholinesterase (ACE) activity 
causing acetylcholine accumulation in the neural synapses that can affect normal behavior 
and be lethal. Using ACE activity as a bioindicator of OP insecticide exposure has several 
advantages over chemical testing alone: 1) ACE activity can be determined more 
economically than chemical analyses for detecting insecticides; 2) ACE activity remains 
inhibited after exposure to OP insecticides for a period ranging from days to weeks, 
whereas insecticides can degrade quite rapidly and escape detection; 3) ACE inhibition 
demonstrates not only an OP insecticide's presence, but also that it is causing deleterious 
effects; and 4) ACE inhibition can also indicate the presence of OP insecticide metabolites 
that can be as toxic as parent compounds. 
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Acetylcholinesterase inhibition in aquatic macroinvertebrates such as mollusks or 
crustaceans has been investigated by others (e.g., Coppage and Mathews 1974; Galgani 
and Bocquene 1990; Abdullah et al. 1994; Fernstrom et al. 1997), and OP insecticides are 
thought to have contributed to an increase in freshwater mussel die-offs in the eastern 
United States since the early 1980s (Fleming et al. 1995). Although several studies have 
focused on aquatic insect ACE activity in laboratory experiments (Day and Scott 1990; 
Detra and Collins 1991; Ibrahim et al. 1998; Beauvais et al. 1999; Fisher et al. 2000), 
relatively few studies have monitored ACE activity in field populations. 
Olsen et al. (2001) used an in situ system to expose laboratory-reared Chironomus 
riparius (Diptera: Chironomidae) for 48 h in separate uncontaminated river sites, and then 
analyzed individual organisms for ACE and glutathione S-transferase (GST) activities. 
Although there were no clear relationships between biomarker activities and physical or 
chemical characteristics such as temperature, dissolved oxygen, pH, etc., ACE and GST 
activities were significantly (p < 0.0001) different among sites, suggesting other 
undetected differences among the sites. Parker and Callaghan (1997) measured esterase 
activity from several field populations of Simulium equinum (Diptera: Simuliidae). 
Interestingly, they found that activities in populations regularly exposed to malathion were 
significantly (p < 0.001) higher than those at an unexposed site by up to 2.8-fold. Their 
results suggested that an increased frequency of specific alleles for high esterase activity in 
S. equinum populations may be useful as an indicator oflong-term OP insecticide 
exposure. 
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This study monitored head capsule ACE activities in Jsonychia bicolor 
(Ephemeroptera: Isonychiidae) populations in Northeast Iowa, USA, streams. Jsonychia 
bicolor is widely distributed and abundant throughout the Eastern and Midwestern regions 
ofNorth America (Kondratieff and Voshell 1984; Merritt and Cummins 1996). 
Jsonychia bicolor head capsule ACE activities were monitored in seven streams 
(15 sites) in 2000, and four streams (10 sites) in 2001 in Northeast Iowa. In addition, 
during 2001 ACE activities and pesticide concentrations at three Volga River sites were 
monitored weekly during May-July, and before and after three major storm events. Lastly, 
seasonal effects on ACE activity were investigated in 2001 in the Cedar River based on 
the previous year's results which suggested that I. bicolor enters a period of winter 
"dormancy" that lowers ACE activity. 
Materials and Methods 
Experimental Chronology 
Fifteen sites on seven streams were visited once during July, September and 
November, 2000, and ten sites on four streams were visited once during May, July and 
September, 2001. Cedar River ACE activities were monitored approximately every two 
weeks from early spring through the summer, 2001 and combined with all previous Cedar 
River ACE activity data to determine seasonal effects on ACE activity. Additionally in 
2001, three Volga River sites were monitored weekly from mid-May to early July to 
detennine ACE activities and pesticide concentrations. These sites were again visited to 
. monitor ACE activities before and after three storm events (6-11/12, 6-14/15 and 6-
18/19) to detennine if pesticides were entering streams and inhibiting ACE activity. 
Field Site Locations 
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All sixteen field sites visited during 2000 and 2001 were located in Northeast 
Iowa, USA, streams (Figure 4.1). Sites located in Janesville (CRJV), Cedar Falls (CRCF), 
and Gilbertville (CRGB) were chosen to monitor Cedar River ACE activities. Two Volga 
River sites, State Park (VRSP) and Twin Bridges (VRTB), were located in parks, and two 
additional Volga River sites were located upstream on the North (VRNB) and South 
branches (VRSB). Upper Iowa River sites were located near two towns, Kendalville 
(UIKV) and Decorah (UIDE), and also at a park, Chimney Rock (UICR). Wapsipinicon 
River sites were located in Independence (WRIN) and at Siggelkov Park (WRSP). 
Additional sites were located on the Little Wapsipinicon River near Fairbanks (LWFB) 
and on the Little Cedar River at Chickasaw Park (LCCP). Two Turkey River sites were 
located in Clermont (TRCL) and Spillville (TRSV). Descriptions of each site can be 
found in Appendix A. 
TRSV UIKV UICR UIDE .. ····•· . . .... TRCL 
l""-l;'1'¥.;'\1 VRSP 
VRTB 
Figure 4.1 Northeast Iowa, USA, riffle sites chosen to monitor I. bicolor ACE activity 
during 2000 and 2001 
Insect Collection and Transportation 
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At each field site, on each occasion, late instar I. bicolor (20) were collected using 
standard D-nets, transferred to each of three coolers (7-L capacity) containing two rock-
filled plastic containers (10.6 x 10.6 x 8.3 cm) with six circular holes (12 mm diam.) on 
each side and filled with river water for transportation back to the laboratory. During 
transportation from distant(> 1 hr) sites, temperature and dissolved oxygen were 
maintained near ambient stream conditions by pumping air through a small radiator placed 
in a cooler of ice; the cooled air was then shunted to each cooler and eventually out 
through an airstone. Transporting insects in this manner results in few, if any, mortalities 
(Pontasch and Cairns 1989; Pontasch and Cairns 1991; Pontasch 1995). Upon arrival at 
the laboratory, insects were held in aerated coolers for 12-24 hand brought to 20°C. Five 
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randomly selected I. bicolor head capsules from each cooler were then homogenized (see 
below). 
Three Hess or Surber samples were also taken to determine I. bicolor densities in 
each source riffie. Insects were preserved in plastic jars containing 70% ethanol and later 
identified and counted. Isonychia bi color density data from both the 2000 and 2001 
monitoring can be found in Appendix B. 
Water Chemistry and Pesticide Concentration 
For all sampling visits, dissolved oxygen, temperature, conductivity, and pH were 
measured with a precalibrated SONDE 3800 Water Quality Logger (Yellow Springs 
Instruments, Inc., Ohio, USA) and recorded (see Appendix C). Alkalinity and hardness 
were determined using water quality test kits (Hach Chemical Co., Colorado, USA) and 
are also reported in Appendix C. During intensive monitoring at three Volga River sites in 
2001 precipitation data for the nearby city of Fayette, Iowa were obtained (pers. comm. 
Harry Hilaker, State Climatologist) and can be found in Appendix D. 
Water samples for pesticide analyses were also taken in Teflon® capped amber 
bottles ( 1-L capacity) during the Volga River intensive monitoring. Water samples were 
kept chilled on ice during transportation and then refrigerated (less than two weeks at 4°C) 
before transportation to the State Hygienic Laboratory at the University of Iowa (UIHL) 
to be analyzed for "common herbicides" (atrazine, desethyl atrazine, desisopropyl atrazine, 
alachlor, cyanazine, metolachlor, metribuzin, trifluralin, butylate and acetochlor), and "OP 
and carbamate insecticides" ( carbofuran, terbufos, terbufos sulfone, fonofos, chlorpyrifos, 
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ethoprop and phorate ). A measured sample volume of approximately 1 L was extracted 
with methylene chloride by shaking in a separatory funnel. The methylene chloride extract 
was isolated, dried and concentrated to a volume of 5 ml during a solvent exchange to 
hexane. Chromatographic conditions were optimized to permit the separation and 
measurement of analytes in the extract by Capillary Column GC with a nitrogen-
phosphorous detector (Munch 1995). Results from chemical analyses performed by the 
UIHL are reported in Appendix E. 
ACE Activity Determination 
Isonychia bicolor head capsules were homogenized in a chilled glass tissue 
homogenizer with enough Tris pH 7.4 buffer solution containing 0.5% Triton Xl00 to 
give a 200: 1 dilution. Homogenate was centrifuged (15 min; 14,000 rpm) and supernatant 
aliquots were then frozen (-80°C). Acetylcholinesterase activity was quantified using a 
modification of the Ellman method (Ellman et al. 1961) in a microplate-reading 
spectrophotometer (SpectraMAX Plus, Molecular Devices, Sunnyvale, CA, USA). Each 
microplate well reaction contained an aliquot of I. bicolor head capsule supernatant (30 
µI), acetylthiocholine iodide (0.0418 M; 30 µ1), 5,5-dithiobis-2-nitrobenzoic acid (DTNB) 
colorimetric reagent (20 µ1), and Tris pH 8.0 buffer solution (170 µI). Acetylthiocholine 
(ATCI) reacts with ACE resulting in an acetate ion and a negatively charged thiocholine 
complex. The thiocholine complex reacts with DTNB to generate a stable, yellow colored 
anion (5-thio-2-nitrobenzoate), that absorbs light most strongly at 412 nm. The optimum 
reaction temperature (~32°C) was achieved by warming Tris pH 8.0 buffer to 65°C, and 
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keeping the DTNB, head capsule supernatant aliquots and ATCI all on ice. A blank (200 
µl Tris pH 8.0 buffer; no ACE) and check standard, consisting of pooled homogenate 
supernatant from approximately 100 /. bi color head capsules, were also analyzed on each 
plate. 
Each sample's ACE activity was measured in triplicate as the rate of increase in 
absorbance at 412 nm. Software (SoftMAX PRO, Molecular Devices, Sunnyvale, CA, 
USA) was used to determine the highest ACE activity (Vmax). Absorbance 
measurements for all trials were read in all wells every twelve seconds for five minutes 
after an initial one-minute lag time. The following formula was used to convert mOD 
output units into international units of enzyme activity: 
{[(enzyme mOD/min)-(blank mOD/min)]/1000} x 0.817 x dilution factor= 
(µmoles ATCI hydrolyzed/min)/gram tissue 
Statistical Analyses 
Acetylcholinesterase activity data for 2000 and 2001 monitoring were statistically 
analyzed (SAS® 1999) by a one-way Analysis of Variance (ANOVA) followed by 
Duncan's Multiple Range Test for the separation of means both within a site over time and 
among sites within a sampling period. For sites with only two sampling dates, ACE 
activities were analyzed using a t-test. Results from all statistical analyses were considered 
significant at the a== 0.05 level. 
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Results and Discussion 
2000 Field Monitoring 
Fifteen sites were fully sampled during July, but the relatively high within-site 
variability (C.V. >20%) in ACE activities at four sites (TRCL, UICR, UIDE and CRCF) 
resulted in a lack of statistical separation among mean ACE activities. A statistical 
analysis that excluded the four sites with high variability resulted in a better separation of 
means (Figure 4.2) and suggests that: 1) "normal" ACE activities (~17 µmol ATCI 
hydrolyzed/min/g tissue) for this time of year were found at LWFB, WRSP and CRJV; 2) 
seven sites, VRSB, TRSV, WRIN, VRNB, VRTB, UIKV and LCCP appeared to be 
"slightly" to "moderately" impacted by some ACE inhibiting factor that significantly 
(p ~ 0.05) lowered mean ACE activities; and 3) one site, VRSP, was "moderately" to 
"severely" impacted with a mean ACE activity (6.25 µmol ATCI hydrolyzed/min/g tissue), 
well below the mean ACE activity (9.25 µmol ATCI hydrolyzed/min/g tissue) from twelve 






L WFB WRSP CRJV VRSB TRSV WR.IN VRNB VRTB UIKV LCCP VRSP 
Figure 4.2 /sonychia bicolor ACE activities at field sites in Northeast Iowa, USA, during 
July, 2000. p-value is from a one-way ANOV A. Bars with the same letter are not 
significantly different (p>0.05) based on Duncan's Multiple Range Test 
Although all fifteen sites were visited during September, no /. bicolor were present 
at two sites, LWFB and VRSB. At two other sites, TRSV and WRSP, only enough/. 
bicolor (5-7) were found for one sample to be analyzed so those sites were excluded from 
the statistical analysis. Of these four sites, during July sampling L WFB and WRSP had the 
two highest mean ACE activities (Figure 4.2), and the one sample that was taken at 
WRSP in September had the second highest mean ACE activity (23.29 µmol ATCI 
hydrolyzed/min/ g tissue) of all samples analyzed during the entire study. The other two 
sites, TRSV and VRSB, had the two highest mean ACE activities among sites that were 
"slightly" to "moderately" impacted in July. Therefore, any explanation for the sudden 
density reductions of these four populations would be speculative, but OP insecticide 
exposure does not appear to be the cause. 
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Among the eleven sites in September where I. bicolor were present in sufficient 
numbers for three samples to be taken, the mean ACE activities at six sites (CRJV, LCCP, 
CRCF, VRNB, VRTB, and UICR) were above or only slightly below what is considered 
"normal" summer ACE activity (Figure 4.3) . 
., 
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CRJV LCCP CRCF VRNB VRTB UICR TRCL WRIN UIKV VRSP UIDE 
Figure 4.3 lsonychia bicolor ACE activities at field sites in Northeast Iowa, USA, during 
September, 2000. p-value is from a one-way ANOV A. Bars with the same letter are not 
significantly different (p>0.05) based on Duncan's Multiple Range Test 
Mean ACE activities at the CRJV and LCCP sites were considerably higher (21.45 
and 19.71 µmol ATCI hydrolyzed/min/g tissue, respectively) in September relative to 
what is considered "normal"(~ 17 µmol ATCI hydrolyzed/min/g tissue). However, there 
was considerable variation in samples from those sites, so additional data are necessary 
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before what is considered "normal" summer ACE activity is increased. The ACE activities 
at the remaining five sites (TRCL, WRIN, UIKV, VRSP and UIDE) suggested "slight" to 
"moderate" impact from some ACE inhibiting factor. However, because of relatively high 
within-site variability these five sites were not significantly different from four sites 
considered to have "normal" ACE activities. 
Although all fifteen sites were visited during late November, no I. bicolor were 
found at the L WFB or VRSB sites. During a second visit to those sites, artificial 
substrates, identical to those placed in coolers for transporting insects, were secured in 
wooden frames and placed in the riflles to ensure that sufficient habitat was available for 
potential /. bicolor colonization. Jsonychia bicolor has been shown to selectively colonize 
such substrates (Pontasch and Cairns, 1989; Breneman and Pontasch, 1994). However, a 
third visit to those sites several weeks later resulted in no /. bicolor colonization. As in 
September, only one sample could be obtained at the TRSV site, but three samples were 
taken from the WRSP site that had produced only one in September. Although there were 
no significant differences among the twelve sites fully sampled in November, all sites had 
relatively low ACE activities (mean= 9.25 µmol ATCI hydrolyzed/min/g tissue) 
suggesting that ACE activity naturally lowers during winter months (Figure 4.4). This 
finding suggests that sites with summer ACE activities that are at or below winter 
"dormancy" rates may suffer reduced I. bicolor growth and reproduction relative to sites 





UICR WRSP UIDE VRSP TRCL WRJN UIKV VRNB CRCF CRN VRTB LCCP 
Figure 4.4 Isonychia bicolor ACE activities at field sites in Northeast Iowa, USA, during 
November, 2000. p-value is from a one-way ANOV A. 
Individual sites in 2000 were also analyzed over time and statistical results can be 
found in Appendix F. Several sites (LWFB, TRSV and VRSB) did not provide sufficient 
data for an assessment to be made during 2000 because I. bicolor were either absent or 
present in low numbers during sampling. Two Cedar River sites (CRCF and CRJV) had 
"normal" ACE activities during two of the three months, but high within site variability at 
the CRCF site in July and September masked any statistically significant difference 
between those data and the November data. However, it appears that I. bi color from the 
Cedar River do not suffer from reduced ACE activities. The VRNB, VRTB and UICR 
sites all recovered from "slightly" to "moderately" impacted I. bicolor ACE activities 
between July and September (Appendix F). However, differences among means over time 
were not significant at UICR or VRNB because ofrelatively high within-site variability. 
Acetylcholinesterase activities at the WRIN site were significantly lower in November 
relative to July. At the UIDE site ACE activities dropped in September and again in 
November (Appendix F). Activities at the UICR site, upstream from UIDE, increased 
during September relative to July, but then were lowered in November (Appendix F). 
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Overall, the Cedar River sites had "normal" ACE activities during July and 
September, but ACE activities from several other sites (VRSP, WRIN, UIKV, VRNB and 
VRTB) were significantly lower relative to Cedar River sites during those months. The 
VRSP site had the lowest ACE activity in July and second lowest in September, however, 
densities there were high throughout the entire study (Appendix B). It is also interesting 
to note that the WRSP site had the second highest mean ACE activity among sites in July, 
and the one sample that could be collected in September had the second highest single 
sample activity (23.29 µmol ATCI hydrolyzed/min/g tissue) measured during the entire 
study, but that densities were low here on all visits (Appendix B). During November ACE 
activities from all sites were low (8-10 µmol ATCI hydrolyzed/min/g tissue) relative to 
July and September. High variability in ACE activities and reduced I. bicolor densities do 
not appear to be a result of water chemistry or temperature differences among sites 
(Appendix C). Because insecticide concentrations were not monitored during 2000, any 
attempt to explain these results would be speculative. 
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2001 Cedar River Monitoring-ACE Return From "Dormancy" 
The CRCF site was chosen as a reference site to determine I. bicolor ACE activity 
return from "dormancy" by sampling J. bicolor approximately every two weeks during 
February, March, April and May 2001. Combined ACE activity data from 2000 and 2001 
indicated that July 31 and August 20, 2000, and August 7, 2001 had "normal" summer 
ACE activities(~ 17 µmol ATCI hydrolyzed/min/g tissue) and were significantly (p :s; 
0.05) higher than ACE activities from November 2000 through April 19, 2001 (Figure 
4.5). In general, these results suggest that "normal" summer and winter ACE activities are 
~ 17 and ~8 µmol ATCI hydrolyzed/min/g tissue, respectively. 
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Figure 4.5 Isonychia bicolor ACE activities in the Cedar River at Cedar Falls during 
return from "dormancy" monitoring. p-value is from a one-way ANOV A. Bars with the 
same letter are not significantly different (p>0.05) based on Duncan's Multiple Range Test 
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2001 Intensive Volga River Monitoring 
During the first week in May, 2001, J. bi color could not be collected at the three 
Volga River sites chosen for intensive monitoring due to high water levels, and J. bicolor 
were not present at the VRNB and VRTB sites until June 18. Results indicated that ACE 
activities at the VRSP site, as at other sites (see below), had not returned from winter 
"dormancy" levels during early sampling, and that there were no significant differences 
among dates (Figure 4.6). Isonychia bicolor ACE activities at the VRSP site were 
beginning to approach "normal" summer levels on July 2, but were ~50% lower one week 
later. Although a major storm event occurred on July 1 (Appendix D), water samples for 
chemical analysis were not taken during the storm and it is not clear why this sudden drop 
occurred. A similar ACE activity drop on July 9 did not occur at the VRNB site, but there 
was a significant (p !> 0.05) drop in ACE activities at this site following a storm event on 
June 18 and 19 (Figure 4.7; Appendix D). At the VRTB site there were no significant 
differences among dates, but there was a gradual decline in ACE activities over the 
sampling period (Figure 4.8). Although herbicides were detected in all water samples 
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Figure 4.6 Isonychia bicolor ACE activities at Volga River State Park during intensive 
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Figure 4. 7 Isonychia bicolor ACE activities at Volga River North Branch during 
intensive weekly sampling and from one storm event (S3). p-value is from a one-way 
ANOV A. Bars with the same letter are not significantly different (p>0.05) based on 



































Figure 4.8 Jsonychia bicolor ACE activities at Volga River Twin Bridges during intensive 
weekly sampling and from one storm event (S3). p-value is from a one-way ANOV A. 
2001 Field Monitoring 
Six sites (WRIN, VRSB, LWFB, TRCL, TRSV, and LWSP) monitored during 
2000 were not monitored during 2001 in order to more intensively monitor the Volga 
River (see above), which had produced lower ACE activities during 2000. Additionally, a 
third site (CRGB) was added on the Cedar River below the metropolitan area of Cedar 
Falls-Waterloo to investigate any effects of urban insecticide use. Jsonychia bicolor were 
not present at the VRTB and VRNB sites in May and numbers were too low to provide 
enough individuals for analysis at the LCCP site. The head capsule ACE activities among 
the remaining seven sites were not significantly different during May and the mean ACE 
activity (8.34 µmol ATCI hydrolyzed/min/g tissue) from those sites was near winter 
"dormancy" levels. However, the ACE activity (5.43 µmol ATCI hydrolyzed/min/g 
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Figure 4.9 Isonychia bicolor ACE activities at field sites in Northeast Iowa, USA, during 
May, 2001. p-value is from a one-way ANOV A. 
Statistical analyses of ACE activities among the ten sites in July indicated that the 
LCCP site, which contained low I. bicolor densities during May, had significantly 
(p ~ 0.05) higher ACE activities relative to other sites, and was the only site to exhibit 
what is considered "normal" summer ACE activity (Figure 4.10). The failure of ACE 
activities to return to "normal" summer levels by July at the remaining sites may have been 
caused by a record duration for snow cover during the previous winter. However, water 
temperatures at each site in July were similar to those from 2000 (Appendix C). The 
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Volga and Upper Iowa Rivers generally had ACE activities that were lower relative to 
Cedar River activities, but in most cases the differences were not statistically significant. 
Once again, the VRSP site had the lowest mean I. bicolor ACE activity during July. 
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Figure 4 .10 Jsonychia bi color ACE activities in Northeast Iowa, USA, during July, 2001. 
p-value is from a one-way ANOV A. Bars with the same letter are not significantly 
different (p>0.05) based on Duncan's Multiple Range Test 
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There were no significant differences in ACE activities among sites in September 
(Figure 4.11). September ACE activities were still low at all sites suggesting that by late 
September, as water temperatures dropped (Appendix C), I. bicolor were already 
beginning to enter winter "donnancy." Additionally, as in May and July, and with the 
exception of the UIDE site, the Volga and Upper Iowa River sites had lower ACE 
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Figure 4.11 lsonychia bicolor ACE activities at field sites in Northeast Iowa, USA, 
during September, 2001. p-value is from a one-way ANOV A.;* data not included in 
statistical analyses ( n = 1) 
Results from statistical analyses within sites over time can be found in Appendix G. 
However, ACE activities in 2001 did not reach the "normal" levels in most cases so 
comparisons within sites over time do not provide much valuable information. 
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It is disturbing that sites on the Volga River continually produce relatively low 
ACE activities and do not appear to have stable I. bicolor populations at the VRNB and 
VRTB sites. However, the VRSP site is considered to be a "rich" riflle and I. bicolor 
densities were high on all sampling visits. This study supports using I. bicolor ACE 
activity to monitor field populations, but further investigations of ACE activity variation 
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EPILOGUE 
Acetylcholinesterase (ACE) inhibition in response to organophosphorous (OP) and 
carbamate insecticide exposure is widely considered to be an effective biomarker of 
exposure and effects in certain wildlife species (Peakall 1992; Kendall et al. 1996). 
However, ACE inhibition in aquatic macroinvertebrates, especially aquatic insects that 
inhabit most streams and rivers in great abundance, has not received as much attention. In 
this research, Isonychia bi color (Ephemeroptera: Isonychiidae) ACE activity provided 
many benefits as a biomarker of OP insecticide contamination in streams: 1) methods 
modified from Ellman et al. (1961) to determine ACE activity in a microplate assay were 
simple and well documented; 2) relative to more traditional water quality monitoring 
methods requiring costly chemical analyses, I. bicolor ACE analyses are more economical; 
3) collecting I. bicolor from field sites requires little training; 4) I. bicolor can be 
maintained during laboratory stream microcosm testing (Breneman and Pontasch 1994); 
5) mayflies such as I. bicolor are considered to be highly sensitive to environmental 
pollutants such as OP and carbamate insecticides; and 6) I. bicolor ACE activities may 
remain inhibited for days to weeks following the initial OP exposure. Results from this 
laboratory and field research provided information about I. bicolor ACE activity and 
inhibition that should be valuable for preventing costly losses to overall stream health. 
Optimization experiments in Chapter One provided the following important 
modifications for determining I. bicolor ACE activity: 
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1) Significantly higher ACE activities were observed in supernatant homogenate prepared 
with Tris pH 7.4 buffer containing Triton XIOO (0.5%) detergent than in buffer only 
homogenate. 
2) Acetylthiocholine iodide (ATCI) substrate optimization experiments indicated that the 
optimum ACE activity occurred using a 0.0418 M ATCI concentration. 
3) Temperature optimization experiments suggested that the optimum assay temperature 
for analyzing I. bicolor ACE activity in head capsule homogenate is ~32°C. 
Currently, specific protocols for measuring ACE activity in I. bicolor head capsule tissue 
are not available. Optimized methods reduce variability, and standardized protocols can 
be used by non-experts and allow results from separate studies to be compared. 
Determining normal baseline I. bicolor ACE activities is necessary before 
investigating potential OP insecticide contamination in streams, and the following 
conclusions can be drawn from Chapter Two: 
1) Initial I. bicolor ACE activities from three allopatric populations in Northeast Iowa 
were significantly different. 
2) After thirty days in stream microcosms, I. bicolor ACE activities from allopatric 
populations were similar and were all significantly higher than initial ACE activities 
from the same streams. 
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3) A stream microcosm temperature study indicated that ACE activities in the 19 and 
25°C treatments were significantly higher relative to cooler temperature treatments and 
similar to ACE activities in samples taken directly from the reference riffle, 
suggesting seasonal effects on ACE activity. 
4) A stream microcosm nutrients study suggested that adding nutrient amendments is 
not necessary during short-term studies with J. bicolor. 
Baseline J. bicolor ACE activities from allopatric populations may be influenced by a 
number of factors including seasonal effects, land use patterns and insecticide usage that 
can be investigated in future field research. One such seasonal effect, stream temperature, 
was shown to affect ACE activity in I. bicolor. 
Results from two stream microcosm toxicity tests using the OP insecticide 
chlorpyrifos suggested that OP insecticide contamination in streams could potentially 
affect J. bicolor field populations. Specifically, the following conclusions may be drawn: 
1) A 48 h exposure to a chlorpyrifos concentration near 10 µg/L significantly inhibits 
I. bicolor head capsule ACE activity and eventually causes mortality. 
2) 48 h exposures to chlorpyrifos concentrations near 0.01, 0.1 and 1.0 µg/L resulted 
in nonsignificant inhibitions of J. bicolor ACE activity, but insects were able to 
recover. 
3) A "dormancy effect" that naturally lowers I. bicolor ACE activity during winter 
months may affect ACE recovery following spring exposures to chlorpyrifos. 
Several studies have used stream insects associated with sediment to determine ACE 
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inhibition following exposure to OP insecticides (Detra and Collins 1991; Beauvais et al. 
1999; Olsen et al. 2001 ). However, I. bi color may be a better biomarker species because 
of a higher sensitivity to contaminants and its need to filter-feed from the water column 
where OP insecticides may first appear. OP insecticides are known to hydrolyze rapidly, 
and may not reach sediments until long after the initial exposure. Chapter Three provides 
valuable information about ACE inhibition in the stream insect I. bicolor by demonstrating 
the sublethal and lethal effects of exposure to low chlorpyrifos concentrations. It also 
provides evidence that /. bicolor can be maintained in laboratory stream microcosms while 
determining ACE inhibition. Additionally, seasonal effects, such as stream temperature, 
should be further investigated to determine ACE activity during the spring exposure to 
insecticides. Further research is necessary to investigate other OP insecticides' effects on 
ACE inhibition as well as the effect of combined exposures. 
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A field study to monitor ACE activities from I. bicolor populations provided 
important information about Northeast Iowa, USA, streams. The following conclusions 
may be drawn from Chapter Four: 
1) ACE activities from I. bi color collected from the Volga and Upper Iowa Rivers were 
generally lower relative to ACE activities from the Cedar River during the two year 
study. 
2) J. bicolor ACE activity appears to enter into a "dormancy" period over the winter 
months that lowers levels to ~8 µmol ATCI hydrolyzed/min/g tissue relative to 
"normal" summer levels of~ 17 µmol ATCI hydrolyzed/min/g tissue. 
3) OP insecticides were not detected while monitoring Volga River sites weekly or during 
precipitation events, and could not be associated with any lowered ACE activities. 
Overall, this study demonstrated that ACE activity can be monitored in Northeast Iowa 
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APPENDIX A Field site locations and descriptions 
Upper Iowa River 
Decorah-under bridge downtown (UIDE) (43° 18.20 N, 91° 47.78 W) 
This larger riflle (~70 x 25 m) was composed of cobble (13-25 cm) 50% embedded 
in smaller cobble (6-13 cm). Stream depth (0.25-1 m) and velocity were higher than 
at most other sites. River banks were covered with grasses and deciduous trees 
provided ~5% canopy cover. 
Chimney Rock Park - Bluffton Road NW of Bluffton (UICR) (43° 24.94 N, 91° 56.16 W) 
This riflle consisted of separate channels composed of pebble (2-6 cm) 25% 
embedded in smaller pebble (1-2 cm) for most of the area (~75 x 15 m). Deciduous 
trees provided ~5% canopy cover. Stream depth ranged from 0.25 to 0.5 m. 
Kendallville Park - off Hwy 139 - access from campground (UIKV) 
(43°26.50 N, 92° 02.24 W) 
This riflle (~50 x 25 m) was composed of cobble (6-13 cm) 50% embedded in pebble 
(0.1-1 cm). Deciduous trees in recreational areas on both sides of the river provided 
~25% canopy cover. Stream depth ranged from 0.25 to 0.5 m. 
Little Cedar River 
Chickasaw Park - B57 S of Bassett (LCCP) ( 43° 02.09 N, 92° 30.27 W) 
This riflle ( ~90 x 25 m) was composed of cobble (13-25 cm) and boulders (> 25 
cm) unembedded in pebble (2-6 cm). Deciduous trees made up most of the riparian 
vegetation and provided ~ 10% canopy cover. Large boulders in and around the 
riflle limited sampling to specific areas. Stream depth is less than 0. 75 m. 
Volga River 
Volga River State Park-N ofFayette on HWY 150 near campground (VRSP) 
(42° 51.85 N, 91° 45.42 W) 
Substrate composed of cobble (13-25 cm) was unembedded in pebble (2-6 cm) 
throughout the riflle area (~40 x 10 m). Deciduous trees and grasses made up the 
riparian vegetation (0% canopy cover). Approximate stream depth was between 
0.25-0.5 m. 
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Field locations and descriptions ... ( continued). 
Twin Bridges Park- W25 just S ofHwy 93 (VRTB) (42° 49.08 N, 91° 52.76 W) 
Substrate composed of cobble ( 13-25 cm) 25% embedded in pebble (0.2-1 cm). The 
riftle area was ~50 x 25 m and bordered by recreational area with deciduous trees 
providing ~5% canopy cover. Stream depth ranged from 0.15-0.3 m. 
North Branch- first bridge on W25 S off Hwy 93 (VRNB) (42° 49.08 N, 91° 52.78 W) 
This riftle ( ~40 x 10 m) was upstream from a bridge and composed of cobble 
(6-13 cm) 75% embedded in pebble (1-2 cm). Substrate was covered by filamentous 
algae. Deciduous trees and grasses provided ~ 10% canopy cover to this shallow 
(0.05-0.1 m) riftle. 
South Branch- 120111 Street S ofHwy 93 (VRSB) (42° 48.15 N, 91° 53.09 W) 
This riftle was small (~15 x 5 m), shallow (0.05-0.1 m), and composed primarily of 
pebble (1-2 cm) and smaller sediments. Tall grasses and deciduous trees provided 
~20% canopy cover. 
Turkey River 
Clermont - on SW border of town under Hwy 18 (TRCL) (42° 51.85 N, 91° 45.38 W) 
This large (~50 x 50 m) riftle was located within the city. Deciduous trees and 
grasses provided ~5% canopy cover. Substrate composition was cobble (6-13 cm) 
25% embedded in pebble (1-2 cm). Depth ranged from 0.2-0.5 m. 
Spillville (Dvorak City Park) - on Hwy 325 (TRSV) ( 43° 11. 78 N, 91 ° 56.11 W) 
This riftle was ~5 x 20 m and deciduous trees provided ~ 10% canopy cover. The 
substrate was composed of pebble (1-2 cm) 50% embedded in sand (<2 mm). Stream 
depth ranged from 0.1-0.35 m. 
Cedar River 
Cedar Falls - under Hwy 57 Bridge (CRCF) ( 42° 32.22 N, 92° 26.33 W) 
No canopy cover was available at this riftle ( ~ 100 x 50 m). Substrate was 
composed of cobble (13-25 cm) 50% embedded in pebble (2-6 cm). Depth ( ~0.5-
1 m) and flow were greater than at most other sites. 
Field locations and descriptions ... ( continued). 
Janesville City Park - Wend of town (CRJV) (42° 38.93 N, 92° 27.91 W) 
This riflle site was ~75 x 50 m and bordered by recreational area on one side. 
Substrate was composed of cobble (13-25 cm) 25% embedded in pebble 
(0.2-1 cm). Deciduous trees provided ~10% canopy cover. Stream depth was 
~0.5-1.0 m. 
Gilbertville- upstream from D38 bridge (CRGB) (42° 38.49 N, 91° 57.31 W) 
120 
Substrate was cobble (13-25 cm) 25% embedded in pebble (0.2-1 cm). Deciduous 
trees provided very little riparian vegetation on the side of the river used for 
sampling. 
Little Wapsipinicon 
Fairbank - N 2-3 miles on V68, then Won 30th street (LWFB) 
(42° 40.28 N, 92° 02.24 W) 
This riflle (~30 x 20 m) was bordered by agricultural land. A few deciduous trees 
provided minimal canopy cover. Substrate was pebble (2-6 cm) unembedded in 
smaller pebble (0.2-1 cm). Stream depth ranged from 0.15-0.25 m. 
Wapsipinicon River 
Independence - down from roller dams along cemetery (WRIN) 
(42° 27.80 N, 91° 53.71 W) 
This riflle (~45x15 m) was located within city limits and had residential areas on 
both sides. The substrate was cobble (6-13 cm) 25% embedded in pebble (1-2 
cm). Trees provided minimal canopy cover (<5%). Stream depth ranged from 
0.3-0.5 m. 
Siggelkov Park- Hwy 281; 4 miles N, one mile E of Dunkerton (WRSP) 
(42° 38.15 N, 92° 08.86 W) 
Substrate was composed of cobble (6-13 cm) 25% embedded in sand(> 2 mm). 
Grasses made up the most of the riparian vegetation and deciduous trees provided 
~ 10% canopy cover. The riflle area was ~20 x 18 m and depth ranged from 0.15-
0.5 m. 
APPENDIX B Hess sample densities (number/0.093 m2) during July, September and 
November, 2000. Data are mean number of individuals (SD) for n = 3 
Riffle Site July September November 
CRCF NA 11.33 (1.52) 1.33 (1.52) 
CRJV 12.0 ( n = 1) 1.0 (1.0) 0 (0) 
LCCP NA 8.33 (11.84) 0 (0) 
LWFB NA 0 (0) 0 (0) 
TRCL NA 28.0 (18.38) 27.33 (16.19) 
TRSV 13.66 (8.14) 0 (0) 0 (0) 
UICR NA 6.0 (7.81) 5.0 (1.00) 
UIDE 0.66 (0.57) 2.66 (3.78) 7.0 (2.64) 
UIKV 0 (0) 7.0 (1.73) 28.33 (21.07) 
VRNB 3.0 (3.00) 0.33 (0.57) 2.0 (3.46) 
VRSB 9.33 (14.46) 0 (0) 0 (0) 
VRSP 12.0 (6.08) 9.33 (4.61) 15.66 (7.76) 
VRTB 3.0 (2.00) 3.50 (.70) 3.0 (1.73) 
WRIN 6.0 (1.73) 12.66 (13.31) 12.33 (9.86) 
WRSP 5.0 (1.73) 0 (0) 0 (0) 
Hess sample densities (number/0.093 m2) during May, July and September, 2001. 















































APPENDIX C Sampling dates and watet"chemistry at field sites during the July, September and November, 2000 and May, July 
and September, 2001 sampling periods. 
Riffie Location Date Temperature Dissolved 0 2 pH Hardness Alkalinity Conductivity 
"C mg/L mg/L CaC03 mg/L CaC03 mS/cm 
Turkey River July (7/21) 20.5 9.7 8.26 268 107 476 
Clermont Sept (9/24) 12.3 10.35 7.71 279 190 436 
TRCL Nov (12/3) 0.3 11.53 7.95 320 260 322 
Volga River July (6/22) 17.9 NA 8.46 268 107 476 
State Park Sept (9/24) 12.1 9.96 7.84 285 220 366 
VRSP Nov (I 1/30) 1.6 13.71 7.65 304 194 314 
Volga River July (7/20) 21.7 11.57 8.56 249 137 472 
Twin Bridges Sept (9/24) 12.8 11.07 8.05 194 146 350 
VRTB Nov (11/30) 2.1 12.87 7.7 299 182 304 
Volga River July (7/24) 21.2 12.3 8.28 247 163 484 
South Branch Sept (NA) NA NA NA NA NA NA 
VRSB Nov (12/7) 1.3 11.84 7.81 215 215 318 
Turkey River July (8/2) 24.6 8.42 7.55 363 254 560 
Spillville Sept (9/22) 11. 7 8.8 7.95 355 201 420 
TRSV Nov (12/3) 0.2 12.41 7.71 294 243 315 
Upper Iowa July (7/27) 18.9 10.51 8.64 261 212 484 
Chimney Rock Sept (9/22) 12.3 8.4 7.65 293 187 424 




Sampling dates and water chemistry at field sites ... (continued). 
Riffie Location Date Temperature Dissolved 0 2 oc mg/L 
Upper Iowa July (7/19) 15.8 11.36 
Decorah Sept (9/22) 13.0 9.2 
UIDE Nov {12/3) 0.9 14.39 
Wapsipinicon July (8/1) 23.6 6.94 
i Siggelkov Park . Sept (9/19) 17.0 10.31 
WRSP Nov (11/29) 0.1 12.45 
Little Wapsipinicon July (8/1) 22.0 7.45 
Fairbanks Sept (9/19) NA NA 
LWFB Nov (11/29) 0.2 12.55 
Wapsipinicon July (8/1) 25.8 7.64 
Independence Sept (9/25). 14.5 9.31 
WRSP Nov (11/28) 1.3 >14.0 
Little Cedar River July (7/19) 19.7 9.10 
Chickasaw Park Sept (9/18) 17.9 9.96 























































Sampling dates and water chemistry at field sites ... (continued). 
Riffie Location Date Temperature Dissolved 0 2 pH Hardness Alkalinity Conductivity oc mg/L mg/L CaCO3 mg/L CaCO3 mS/cm 
Cedar River July (7/31) 22.8 8.35 8.38 249 189 460 
Cedar Falls Sept (9/20) 17.7 10.21 7.89 205 189 412 
CRCF Nov (11/28) 0.5 >14.0 7.57 274 252 344 
Cedar River July (8/1) 26.8 13.17 8.56 200 177 424 
Janesville Sept (9/19) 17.2 8.84 7.71 235 198 418 
CRJV Nov (11/29) 0.3 15.13 7.48 305 164 388 
Upper Iowa July (7/27) 15.R 11.36 7.96 285 243 458 
Kendallville Sept (9/18) 16.3 10.98 7.67 238 180 . 448 
UlKV Nov (12/3) 1.4 12.19 8.18 298 185 310 
...... 
~ 
Sampling dates and water chemistry at field sites ... (continued). 
Riffie Location Date Temperature Dissolved 0 2 pH Hardness Alkalinity Conductivity oc mg/L mg/L CaCO3 mg/L CaCO3 mS/cm 
Volga River May (5/22) 17.15 11.20 8.34 233 170 0.430 
State Park July (7/9) 25.0 3.56. 8.75 269 163 0.522 
VRSP Sept (9/26) 13.0 7.88 8.47 274 172 0.426 
Volga River May (5/14) 13.6 10.18 8.34 233 149 0.398 
Twin Bridges July (7/9) 25.1 8.78 8.7 211 138 0.470 
VRTB Sept (9/26) 12.1 8.06 8.62 236 163 0.376 
Volga River May (5/14) 13.6 10.24 8.32 251 149 0.394 
North Branch July (7/9) 26.0 8.56 8.8 217 143 0.498 
VRNl3 Sept (9/26) 10.9 8,26 8.61 245 154 0.350 
Upper Iowa May (5/15) 17.4 9.3 8.17 306 189 0.446 
Chimney Rock July (7/12) 21.3 3,66. 8,63 259 167 0.496 
UICR Sept (9/24) 12.0 9.9 8.50 279 198 0.372 
Upper Iowa May (5/15) 17.4 9.05 8.03 232 190 0.438 
Kendallville July (7/12) 19.9 · 3_52• 8.38 280 204 0.478 
UIKV Sept (9/24) 11.8 5.79 8.42 277 192 0.366 
• Low dissolved oxygen values are apparently due to meter malfunction 
-N 
Vt 
Sampling dates and water chemistry al field sites ... (continued). 
Riffie Location Date Temperature Dissolved 0 2 oc mg/L 
Upper Iowa May (5/15) 17.1 8.83 
Decorah July (7/12) 22.8 3_55• 
UIDE Sept (9/24) 14.3 10.4 
Little Cedar River May (5/16) 19.6 8.32 
Chickasaw Park July (7/16) 21.7 2.73' 
LCCP Sept (9/24) I I.I 5.23 
Cedar River May (5/23) 13.6 9.56 
Cedar Falls July (7/11) 26.7 3.21· 
CRCF Sept (9/20) 16.6 6.05 
Cedar River May (5/23) 13.6 10.18 
Janesville July (7/11) 24.6 3.35" 
CRJV Sept (9/20) 16.8 6.59 
Cedar River May (5/23) 14.4 9.86 
Gilbertville July (7/11) 24.3 3.281 
CRGB Sept (9/20) 16.0 5.98 























































APPENDIX D Precipitation (indicated below date) and hydrological data collected 
during 2001 intensive monitoring on the Volga River 
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Precipitation and hydrological data ... (continued). 
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APPENDIX E Chemical analyses results from water samples taken during 2001 intensive 
monitoring at three Volga River sites (VRTB, VRSP and VRNB). 
Hygienic Laboratory 
Date ofre art: 06-27-2001 
l,f,1,11, .. ,ll .. "'11,l,,1,l .. 11 
KURT PONTASCH 
UNIVERSITY OF NOR.TiiERN IOWA 
B!Ot.OOY DEPT 
MCCOLLUM SCl"ENCE HALL 




Date Collected 06-03-2001 




Collector PONTASCH KUR.T 
Phone (319) 273-2098 
Purchase Order . 
Results of Analyses 
Triflurallll 
Acetochlor 
Deseth I Atnzine 
Desiso I Atruine 
Date Analyzed: 06-23-2001 
Mcthcd: EPA 507 
Date Extncted: 06·21-2001 




Date Analyud: 06-23-2001 
Method: EPA 507 
Date l!xttacted: 06-21-2001 
Extraction Method: EPA 507/3510 
Mary J. R. Cilc:hrist. Ph.D. 
Dltocu>r . 
101 0akibJo Campu,, 1101 OH 
loWI Cily, Iowa Sl:142-5002 























H.A. Walllu Buildlna 
Euc Cnlld, Des Moi:lu, !cwt 503l!1-0034 
,1,m1-,371 Fu: 5U/l43•1349 
Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date ofre rt: 06-27-2001 
l,l,1,ll,,,,ll,,.,.11,1,,1,1 .. ll 
KURT PONTASCH 
UNIVERSITY OF NOR !HERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date CollectEd 06-03-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 






Dcseth I Atnmie 
Desiso ro I Atrazine 
Date Amlyzed: 06-23-2001 
Method: EPA 507 





Date Analyzed: 06-23-2001 
· Metb.od: EPA 507 
Date Extracted: 06-21-2001 
Extni:t!on Method: EPA 507/3510 
Muy /. It. Cilc:brin. Ph.D. 
Dl=10r 
102 Cwblo Campus, 1101 Cl! 
Iowa Clly, low& 52242-5002 
























V crifled: GI 
H.A. WallJce Bllildin1 
Eut Orud, Dos Moines, Iowt 50319-C-C:-
515121L·5371 Fu: 5151243-\349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date of re rt: 06-27-2001 




MCCOU.UM SCIENCE HALL 




Date Collected 06-03-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 
Dcseth I Atruine 
Desis I Atnzine 
Date Analyzed: 05-22-2001 
Method: EPA 507 
Date Extna:d: 05·2I-2001 





Date Analyzed: 06-22-2001 
Method: EPA S07 
Date~: 06·21-2001 
ExtraccicnMethod: EPAS07/3S10 
Muy 1, R.. Oilchrist, Pb.I>. 
Dm10r 
102 Oala!ale.c.mpus, #101 OH 
lawa City, Iowa 52142-5002 
















R.A. Wallaco l!llildlos 
East On.ad, o .. Moines, Iowa 5031~3• 
515/281-5371 Fu: 5151243-lm 
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Chemical analyses results ... ( continued). 
Hygienic. Laboratory 
Date or re ort: 06-27-2001 
l,l,1,11,,.,11,.,,.lf,l,,l,l .. ll 
KURT PONTASCH 
UNIVERSITY OF NORTIIERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-11-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 
Dcseth I Atrazine 
Desi.so ro I Attazine 
D.tc Analyzed: 06-22.-2001 
Method: EPA 507 
Daic Extracted: 06-21-2001 








Daic A.ualyzcd: 06-22-2001 
Method: EPA 507 
Date Extracted: 06-21-2001 
Extracti011Metb.od: EPA507/3510 
Muy 1. R. Gilc:hm~ Ph.D. 
Dinctor 
102 Oala!alo Campus. 1101 OH 
Icwa C"uy, low, 52242°5002 


























l!.ul Gralld, De, Moina. lcWI 5031~34 
SU/281·5371 l'u: 515/243-1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date ot re rt: 06-27-2001 
1,1,1,11 .. ,,11 .. , .. 11,1 .. 1,1 .. 11 
KURT PONTASCH 
UNIVERSITY 01' NORnmRN IOWA 
BIOLOGY DEPT 
MCCOU.UM SCIENCE HALL 




Date Collected 06-11-2001 




Collector PONTASCH KURT 
Phoae (319) 273-2098 
Pllrcha.se Order 
Results of Analyses 
Dese I Atrazine 
Desisopropyl Atrazine 
Date Analyzed: 06-'.22-2001 
Method: EPA 507 
Date Extracted: 06-21-2001 








Date Analyzed: 06-'.22-2001 
Method: EPA507 
Date Ennctcd: 06-21-2001 
ExttactionMcthod: EPA 507/3510 
Miry J. R. Gikhrin, Ph.D. 
Dln:c,or 
102 Oak<hlo C,mpw.1101 OH 
low& Clly, Ion m42•500l 































H.A. Wan.co Builll!ns 
East Omd, Du Moinu, !en 50319-0034 
5l5nll-537I Fu: 5l5n43-l349 
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Chemical analyses results ... ( continued). 
Hyg~enic Laboratory 
Date of re rt: 06-27-2001 
l,l,l,lluull11,11ll,l11l,l111l 
ICURT PONTASCH 
UNIVERSlTY OP NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-11-2001 




Collector PONTASCH ICURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 
Deseth I Atr.1%ine 
Desisooro I Atra%ine 
Dato Analyzed: 06-23-2001 
Method: EPA 507 
Dato Extracted: 05-21-2001 




Date Allalyzed: 06-23-2001 
Method: EPA S07 
Date Extracted: 06-21-2001 
Exttact!o11 Method: EPA 507/3510 
Muy 1, a. OilchM, 1'11.D, 
Dl=!Dr 
102 Oa.l:dalo Campus, 1101 OH 
lcwl City, laWI 52241-5002 
























H.A. W&llace llulldmr 
East Orand, Du Moines, Iowa 5031~3• 
515/281•5371 l'u: 515/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date or re rt: 06-27-2001 
l,l,1,ll .. ,,ll,..,.11,1,,1,1.,IJ 
KURT PONTASQ! 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-12-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purclla.se Order 
Results of Analyses 
Desetll 1 Atrazine 
Desue ro I Atrazine 
Date Allalyzed: 06-23-2001 
Method: EPA 507. 
Date Ex=ted: 06-21-2001 







Datc Analyzed: 06-23-2001 
Method: EPAS07 
Date Extra.cted: 06-21-2001 
Enraa!oo Method: EPAS07/3Sl0 
Muy I. IL Oilclwl. Ph.D. 
D1=r 
IOl Oallile c.mpus, 1101 OR 
lawa City, lawt '2l4:Z.5002 

































V crified: GJ 
H.A. W&llace BwJdinl 
But Gnn4, o .. Maines, Iowa 50319.()0,. 
515/281•5371 Fw 515/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
.,;', 
Date of re art: 06-27-2001 
1,1,1,11 .... ll,.,,.ll,l .. 1,l,,II 
KURT PONTASCH 
UNIVERSITY OP NORTHERN [OWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-12-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 






Desetl! t Atrazine 
Desisooro I Atrazine 
Date AllJlyzed: 0Ci-23-2001 
Method: EPA 507 
Date Em-acted: 06-21-2001 







Date AllJlyzed: 06-23-2001 
Method: EPA 507 
Date Extracted: 06-21-2001 
Exttaaio11 Method: EPA 507/3510 
M1ry 1. R. Oilcl11:is1, Ph.D. 
OiRctDr 
102 Oakilalc Campus, #101 OK 
lowa Cily, lowa 52242-5002 
































H.J.. Will= Bllil,img 
'East 01'111d, Dos Moines, Iowa 5031M034 
5U/2Jl-.ll71 Fu: 515/243-1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date or re art: 06-27-2001 
l,l,1,ll,.,.11,.,,.11,l.,l,l,.II 
KURT PONTASCH 
UNIVERSITY' OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-12-200 I 




Collector PONTASCii KURT 
Phone (319) 273-2098 
Parclwe Onler 





Deseth I Attazine 
Desis ro I Atruine 
Date Allalyzcd: 06-23-2001 
Method: EPA 507 
Daic Extracted: 06-21-2001 





Date Allalyud: 06·23·2001 
Method: EPA 507 
Date Extracted: 06-21-2001 
Extraction Method: EPA 507/3510 
Muy !. R. ailwi,t, Ph.D. 
DizeC10r 
102 Oakdilc CimpUJ, 1101 OH 
law• Cit)', law& 52142-5002 






























B.A. Wallau Buildln1 
l!a1I Orind, Des Molocs, lawa 50319-0034 
515/281•5371 Fu: 51.5/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date of re ort: 06-27-2001 
1.1.1.11 .... 11 .... ,11.1 .. 1,1 •• 11 
KURT PONTASCH 
UNIVERSITY OF NOR'mEitN IOWA 
BIOLOGY DEPT 
MCCOlltJM SCIENCE HALL 












Results of Analyses 
Dcseth I Atnzine 
Dcsi.scnro l Atnzine 
Date AILa.lyz.ed: 015-23-2001 . 
Method: EPA 507 
Date Extracted: 06-21-2001 




Olte AILa.lyzcd: 06°23°2001 
?4ethod: EPA 507 
Date Extracted: 06-21-2001 
Extrati011 Method: EPA 507/3510 
Muy 1. It. OUcllrist, P~.D. 
D\n:clor 
1111 O:wllle Campus, '101 OH 
!aft Cily, lowi Sll4l-S00l 




























H.A. W&llaco Bllillllns 
l!anOnn.d, Dos Moines, loft 50319-0034 
SI.S/211•5371 Fu: SIS/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date of re rt: 06-27•2001 
l,1,1,ll,,,,11,,,,,11,l,,1,l,,ll 
KURT PONTASCH 
UNIVERSITI OF NORTIIERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 05-14-2001 16:30 





Phoae (319) 273-2098 
Purchase Order 
Results of Analyses 
Dcseth l Atrazine 
Dcsisoc I Atrazine 
Date An.alyw:I: 06-23-2001 
Method: EPA 507 
Date Em=d: 06-21-2001 





Date Analyw:I: 06-23-2001 
Method: EPA 507 
Date Extracted: 05-21-2001 
Extraction Method: EPAS07/3Sl0 
Mary 1, I\, Clilchrin, !'11.I), 
Ill:mor 
102 Owtale Campus, /101 OH 
Iowa City, Iowa m42•500l 

























V erlfied: GJ 
1U. Wlllaca Butldi:11 
Eut Olllld. Iles Moine£, law• 50319-0034 
515/211·5371 Fu: 5151l43-1349 
141. 
Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date of re rt: 06-27-2001 
l,1,l,ll .... 11 ..... ll,f.,l,1 .. II 
KURT PONTASCH 
UNIVERSITY OF NORnrERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HAU. 






Phone (319) 273-2098 
Purtha.se Order 




Desis ro I Atrazine 
Date Analyzed: 06-23-200 I 
Method: EPA 507 
Date Exttaacd: 06-21-2001 





Date Analyzed: 05-23-2001 
Method: EPA 507 
Date Exttacted: 06-21-2001 
Exttaaion Method: EPA 507/3510 
Mazy 1. 1'.. Clll<hrist, 1'11.0. 
Olrmo, 
101 Olkl!:llo C.mpus. lt01 OH 
loW11 City, law&.n24l-5001 































!LA. Wallau Buildh!& 
Eut 01"&1111. Der Molner. law& 50319-0034 
U5/ll1•5371 _Fu: 515/l43-1349 
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Chemical analyses results ... ( continued). 
Hygienic Lab.oratory 
Date or re ort: 06-27-2001 
1,1,1,11, .. ,11 .... ,11.1 .. 1,1 .. 11 
KURT PONTASCli 
UNIVERSITY OP NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-14-2001 21:30 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Pm-chase Order 
Results of Analyses 
Triflunllll 
Acetochlor 
Deseth I Atnzine 
Desisooro I Atrazine 
Date Allalyzcd: 06-23-2001 
Method: EPA 507 
Date Emaacd: 06-21-2001 




Date Allalyzcd: 06-23-2001 
Method: EPA S07 
Date Extrac!cd: 06-21-2001 
Extraction Method: EPA S07/3510 
M.uy1. ll. Gllchrin, Ph.D. 
Dlrecmr 
102 Olh!al• Campu.s, 1101 OH 
Iowa City, Iowa 52142-5002 
































V crificd: GI 
!LA. W&II& .. BuildinJ 
l!&st Omd. DOJ Moill:s, Iowa 50319.00J• 
SIS/111-5371 Fu: '15/143-1349 
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Chemical analyses results ... ( continued). 
-Hygienic Laboratory 
Date or n ort: 06-27-2001 
l,l,l,11 ... ,ll,,,,,ll,l,,l,1,,II 
KURT PONTASC!i 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-14-2001 21:45 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 
Deseth I Atrazine 
Desi.lo I Atnzine 
Date Analyzed: 06-23-2001 
Method: EPA.507 
Date Extr2ctcd: 06·21-2001 







Date Analyzed: 06-23-2001 
Method: EPA 507 
Date Extnaed: 06-21-2001 
Extractiou Method: EPA 507/3510 
Muy l. ll.. Gilchrist, Pb.D. 
Dlncmr 
101 Oud>lo Ca,npus, 1101 OH 
Iowa City, Iowa .!l242•5001 































!LA. Wlllaos Buildlng 
l!ut Clrmii, Dos Moillcs. Iowa 50ll9.00l-
515/28Ml7l l'u: '15/243-1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
r~~·~~~~rm.s~~1.~~ii~~~~!~'?~~-, ::,.'': -
·{·1 ,; e.:".1xnr.ve1:si ,,a -,~ 0, ~ .t,\$r;,'!:ikii:;it~iit~t6J'l~r,;t 
Date or re ort: 06-27-2001 
l,l,1,ll ... ,11,.,.,ll,1.,hl,,II 
KURT PONTASCH 
UNIVERSITY OF NORTI!ERN !OW A 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HAU. 












Results of Analyses 
Deseth I Atnzine 
Desisooro I Atnzine 
Date Analyzed: 06-23-2.001 
Method: EPA 507 
Date Exlnctcd: 06-21-2001 
Extrattion Method: EPA 507 /3510 






Date Analyzed: 06-23-2001 
Method: EPA 507 
Date :Em.ctcd: 06-21-2001 
Extraction Method: EPA 50713510 
Muy 1. !t. Ciilchrisl, Ph.D. 
Dlz<cu,r 
102 Oudala Campus, 1101 OH 
law a City, lawa 52242-5002 














Analyst: PB • 
Verified: DLZ 
Analyst: RAD 












Ean Onnd. Des Momu. Iowa 50319.003< 
5U/l81-5J71 Fu: 51'/24J.IJ49 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date or re rt: 06-17-2001 
1.1.1.11 .... 11 .... ,11.1 .. 1,1,,11 
!CURT PONTASCH 
UNIVERSITY OF NORTI!ERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-15-2001 08:00 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 
Desis0t1rc l Atru:!ne 
Dale Analp.cd: 06·23-2001 
Method: EPA 507 
Date Ex=tcd: 06-21•2001 




Date Analyzed: 06-23-2001 
Method: EPA 507 
Date Extracted: 06-21-2001 
Extraction Method: EPA S07 /3510 
M>%)' I. R. Gilchrist. Pll.D, 
Dlncmr 
102 Oakdale Campus. 1101 011 
Iowa City, Iowa 5ll4l-500l 
























!LA. Wlllau Builillns 
Eu! 01>1111. Da Mo!oa. Iowa 51l319~03> 
5U/2.!M37I l'u: 5151243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date otre art: 06-27-2001 
l,l,l,ll .... 11,,,,,11,l.,1,l.,II 
KURT PONTASCH 
UNIVERSlT'l OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collecud 06-15-2001 09:lS 




eonector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of_A.nalyses 
Deseth I Atrmne 
Desiso ro I Atrazinc 
Date Analyzed: 06-23-2001 
Method: EPA 507 
Date Emacted: 06-21-2001 





Date Analyzed: 06-23-2001 
Method: EPA 507 
Date~: 06-21-2001 
Exuaction Method: EPA S07 /3S10 
Mary I, P.. Oilchrist, Ph.D. 
Di=r 
102 Oaluialo CJ.mpus, 1101 OH 
lawa City, law a 52242,5002 



























H.A. Wal!Ka Bllildloi 
:Ea.,t Oa.aoi, Der Moines, Iowa 50319$3• 
515/281-5371 Fu: !15/l43•1l49 
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Chemical analyses results ... ( continued). 
Hygie_nic Laboratory 
Date or re rt: 06-27-2001 
l,l,1,ll,, .. 11, .. ,,11,1 .. t,l,,II 
KURT PONTASCH 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Callect:d 06-15-2001 09:20 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 
Deseth I Atra%:inc 
Desisocro I Atra%ine 
Date Allalyzcd: 06-23-2001 
Method: EPA 507 
Date Extracted: 06-21-2001 







Date Allalyud: 06-23-2001 
Method: EPA 507 
Date Extracted: 06-21-2001 
Extraction Method: EPA 507/3510 
Muy /. It. Oilwut, l"o.ll, 
lll.n:ctcr 
101 Oakd.alo Campus, #IOI OH 
Iowa City, Iowa 52242-SOOl 
































!I.A. W,Uico Buil4lnl 
Ea.st 0""4, Iles Moines, Iowa 50319-003' 
JU/211•5371 Fu: 515/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date ot re rt: 07-17-2001 
l,l,1,ll,,,,ll,,,,,11,1,,1,l,,II 
KURT PONTASCH 
UNIVERSI1Y OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 
CEDAR FALLS IA 50614 
Sample Number I 200106420 
Date Received 06-28-2001 
Project 
Date Ccllemd 06-18-2001 
Collection Site mp 
Colledicn Town 
Description wmr 
Rd'erence ELS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Order I 
·Results of Analyses 
Deseth I Atru:inc 
Desisooro I Attazine 
Date Analyzed: 07-12-2001 
Method: EPA 507 
Date Extracted: 07-03-2001 






Date Analyzed: 07-12-2001 
Methad: EPA 507 
Date Extracted: 07-03-2001 
Extraction Method: EPA 507/3510 
Mazy I. It. Gilc:hrlst, Ph.D. 
Dima,r 
102 Ow!llo c.mpus, 1101 OH 
Iowa City, Iowa 3ll42•5002 















H.A. Wallw, Buil4m& 
Eut Gru>i, Des Molne<. lowt 50311-00;-
51,/2!1•337! Fu: ,15/243•1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date or re rt: 07-17-2001 
l,l,1,ll,, .. 11, .. ,,ll,1 .. l,l .. 11 
K.URT PONTASCH 
UNIVERSITY OF NORnmRN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-18-2001 
Collect!Oll Site vmb 
Collection Town 
Description wau:r 
Rderence E.LS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Pnrclwe Order 






Dcseth I Atrazine 
Dcsi.soprop I Atruine 
Date An.alyzed.: 07-12-2001 
Method: EPAS07 
Date Extracted: 07-03-2001 
ElaractlonMcthod: EPAS07/3510 
Dille Analyzed: 07-12-2001 
Method: EPA 507 
Date Exrractcd: 07-03-2001 
Extraction Method: EPA S07 /3S 10 
Muy 1. It Gilclw~ Ph.D. 
O!=mr 
102 Oa.l:!!ala Campus, 1101 OH 
Iowa Clly, Iowa '2242-5002 























H.J., Wallaoc B11ill!mJ 
Eut GIIDI!. Iles Mai=, law,. 50319-00; · 
SU/281•5371 Fu: SIS/24l•ll49 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date or re rt: 07-17-2001 
1.1,1.11 •••• 11 ..... 11.1 •• 1.1 .. 11 
KURT PONTASCH 
UNIVERSITY OF NORmERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-18-2001 
Collection Site vrtb 
Collection Town 
Description wau:r 
Rderence ELS STUDY 
Collector PONTASCH KURT 
l'hone (319) 277-9318 
Purchase Order 






Deseth I Atrlline 
Desiso o I Atrlline 
Date Analyzed: 07-12-2001 
Method: EPA 507 
Date Emacted: 07--03-2001 
Extraction Method: EPA 507/3510 
Date Amly7.ed: 07-12-2001 
Method: EPA 507 
Date l!xtnctcd: 07-03-2001 
Exttaaion Method: EPA 507/3510 
Muy /, R. Gilcllrist, 1'11.0. 
Dini:11>r 
102 OalaWo Ca.mpw, 1101 OH 
loWll City, Iowa 52242-5002 






















H.A. Walla<e l!uildins 
Eut Grind. Des MoiJles. Iowa 50319-0034 
515/l!M371 Fu: 515/l4l-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 





MCCOLLUM SCIENCE HALL 




Date Collecud 06-18-2001 19:45 
Colledion Site vnb 
Coll!d:lonTown 
Description water 
Rdumce ELS STUDY 
Collector PONTASCHKURT 
Phone (319) 277-9318 
Purcha.se Order 
Commentsi,J;,,;is\i;,;q•,;r; Th.! aatrwork II.It thi colltcrio11 /itM as 19:00: tr iabtl 19:45. 
Results of Analyses 
Trlfluralin 
Acctochlor 
Deseth I Atnzine 
Desis I Atrazine 
Due Analyzed: 07-12-2001 
Mcthcd: EPAS07 
Date Emactcd: 07-03-2001 
Extraction Method: EPA 507/3510 
Date Analyzed: 07-12-2001 
Method: EPA 507 
Date Extracted: 07-03-2001 
Extraction Method: EPA507/3510 
Muy I. II.. Gilclw!, 1'11.D. 
Dln:c!Or 
102 01klWe Campu,, 1101 OR 
lcwa Clty, loWI Sll42•S00l 


















V crificd: G1 
II.A. Wallau BwldiDI 
!!an Gmd. Des Moina, Iowa ,0319.00!' 
SIS/l8l·Sl71 Fu: SIS/243.\349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date of re rt: 07-17-2001 
l,l,l,ll,,,,11, .... ll,l .. l,l .. ll 
KURT PONTASCH 
UNIVERSII'Y OF NORTIIERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-18-2001 19:50 
Collea:lon Site vmb 
Colla:tlon Town 
Description water 
Reference ELS SnJDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Order 
Ccimmcnll!i\ "••.•?'i';Li-;;_,it The 11Dtrworl: list tM colleaion time as 19:00: u /abtl 19:S0. 
Results of Analyses 
DesctlI I Atrazine 
Desi.so ro I Atl:'3Zine 
Date Analyzed: 07-12-2001 
Method: EPA 507 
Date Exttactcd: 07-03-2001 
E.maction Method: EPA 507/3510 
OS 
Carbofuran 
Dale Analyzed: 07·12-2001 
Method: EPA507 
Dale Exttactcd: 07-03-2001 
Extnaion Metb.od: EPA 507/3510 
Muy l. R. Oil<hmt. Pll.D. 
D!m:mr 
102 Oal:!Wo Cam;us, 1101 OH 
Iowa City, Iowa 52241-5002 























R.A. Walla.co Bllild.mr 
EastOnm. De,Main:s,!owa50ll9.0 
515/281-5371 Fu: '15/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date or re ort: 07-17-2001 
l,l,1,ll,.,,11.,,,,11,1,,1,l,,II 
KURT PONTASCH 
UNIVERSITY OF NOR.ffiERN lOW A 
BIOLOGY DEPT . 
MCCOLLUM SCIENCE HAll 




Date Collected 06-18-2001 20:45 
Collec:t:!011 Site vnp 
Colled:1011 To1t"ll 
Desc:riptioa water 
Re!erw:e ELS STUDY 
Collector PONTASCHKURT 
Phoae (319) 277-9318 
Purclwe Order 
Results of Analyses 
Trifiunlin 
Acetochlor 
Deseth I Atru:ine 
Desis I Atruinc 
Dat: Analyzed: 07•12-2001 
Method: EPA507 
Date E.ttracted: 07-03-2001 




Dat: Analyzed: 07-12-2001 
Method: EPA 507 
Date Extracted: 07-03-2001 
Extraction Method: EPA 507/3510 
Miry 1. R. Oilwut. Ph.D. 
Oir<ca,r 
!Cl Oal:dal, Cuapus.1101 OH 
1o,.. Cily, Iowa m42-5002 






















V crlficd: GI 
H.A. Walw:e Buililing 
East Ocw!. !)cs Moines, Iowa .50319-003• 
515/281-5371 Fu: 515/243-1349 
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Chemical analyses results ... (continued). 
Hygienic Lab.oratory 
Date ot re ort: 07-17-2001 
1,l,1,ll,,,,JJ,,,,,Jl,1,,l,l,.Jl 
KURT PONTASCH 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOU.UM SCIENCE HALL 




Date Collected 06-19-2001. 
Collection Site VIlb 
Colledion Towu 
Description w:tter 
Rdermce EI.S STUDY 
Collector PONTASCll KURT 
Phone (319) 277-9318 
Purchase Order 
Results of Analyses 
Deseth I Attazine 
Desis roe I Atrazme 
Date Allalyud: 07-13-2001 
Method: EPA 507 
Daic Extracted: 07-03-2001 
Extracticn Method: EPA 507/3510 
OS 
Carbofurm 
Dale Allalyud: 07-13-2001 
Method: EPA 507 
Date Exttactcd: 07-03-2001 
Em-action Method: EPA507/3510 
Muy 1. R. Gilcllris!, Ph.D. 
Dlma,r 
102 OakcWe Compu,, 1101 OH 
Iowa Clly, Ion 52242-5002 





















Verified: GI . 
ILA. Wal!w:Bllil,lh,g 
Ea: Gnml, Dos Maioes, Iowa 50319-00, 
HS/'Zil•5371 Fu: 515/243•13'9 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date of re ort: 07-17-2001 
l,l,l,ff.,.,lf,, ... 11,l,,l,1 .. II 
KURT PONTASCH 
UNIVERSII'Y OF NORmERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 06-19-2001 
Collection Site vnib 
Collecticn Town 
Description water 
Rt!ermce ELS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Order 






De.mh 1 Atru:m!! 
Desls t0 I Atru:ine 
Datc Analyz:d: 07-13-2001 
Method: EPA 507 
Datc Extracted: 07.03-2001 
Emaction Method: EPA 507/3510 
OS 
Date Analyz:d: 07-13-2001 
Method: EPA 501 
Date .Extracted: 07.03-2001 
Extraaicn Method: EPA 507/3510 
Muy 1. R. ClOchris!, Ph.D. 
Dlrocu:,r 
102 OalaWc Campus, 1101 OH 
Iowa City, Iowa j:z242-500l 























Ii.A. Wallue Buildic& 
.......... _,..,. 
Eut Clnod, Des Maints, Iowa j03l9-00! 
Sl.5/l81,j371 Fu: j!S/243-1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date of re rt: 07-17-2001 
l,l,l,ll,.,.ll,. .. ,11,1,.l,l,.11 
KURT PONTASCH 
UNIVERSITY OF NORnmRN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collec1ed 06-19-2001 
Colledio11 Site vnp 
Collecti011 T0W11 
De:saiptlon wau:r 
Reference ELS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Order 
Results of Analyses 
Tril1un!iD 
Acetochlor 
Deseth I Atrazine 
Deslsop I Atrazine 
Date Analyzed: 07-13-:ZOOl 
Method: EPA 507 
Date Extra.cted: 07-03-2001 
~OD Method: EPA 507/3510 
'fos 
Carbofurm 
Date Analyzed: 07-13-2001 
Method: EPA 507 
Date Extracted: 07-03-2001 
Extraction Method: EPA 507/3510 
Muy 1. R.. Oilchrtst. Ph.D. 
Dlm:tor 
102 Owlalo Campus, 1101 OH 
Iawa City, Iawi 52242-5002 























H.A. Wlll1ce Buildins 
l!ui O<llld. Des Moln&1, low150319-00:l> 
51'1211-5371 Fu: 51'1243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date at re art: 07-17-2001 
l,1,1,ll .... 11 .. .,,11,1 .. 1,1,.IJ 
KURT PONTASCH 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Coll~ 06-25-2001 
Colled:!011 Site mp 
Collection Town 
Desaipd011 wmr 
Retermce ELS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Order 
Results of Analyses 
Triflunlin 
Aectoch.lcr 
Deseth I Atnzine 
Desisc~ I Atruine 
Date Allalyzed: 07•12-2001 
Method: EPA 507 . 







Date Analyzed: 07-12-2001 
Method: EPAS07 
Date £x!nctcd: 07-03-2001 






















H.A. Wallau Bwldini 
> .. 
Muy 1. R. Gilchrist. Ph..O. 
O!reacr 
102 Cud.ala <:am;,u,, 1101 OH 
lowt Ci:y, Iowa l2l4l-5002 
319/335-4500 Fu: 319/335-45" 
Jurp://www.uAf.uiDwa.ttJJl Ean Gnnd, Dos Moiw. Iowa 50319-00J: 
51512&1-l:!71 Fu:515/l4J.!349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date or re rt: 07-17-%001 
l,l,1,ll, .. ,11, .... ll,l .. l,l .. ll 
KURT PONTASCH 
UNIVERSITY OF NORnrERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCB HALL 




· Date Collected 06-25-2001 
Collection Site vnb 
Collectlo11 Towu 
Description w= 
Rderence ELS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Order 
Results of Analyses 
Deseth I Attazine 
Desi ro I Atrazine 
Dl!C An.alyud: 07-12-2001 
Method: EPA 507. 
Daic Enracted: 07-03-2001 
Ex!ra.ctiCII Method: EPA 507/3.510 
Carbcf'uran 
Date An.alyud: 07-12-2001 
Method: EPA.507 
Date Extracted: 07.03-2001 
Ex!ra.ctic11Method: EPA.507/3.510 
Muy /, R. Oilchru,. Ph.D. 
Dincmr 
lOl Oak<Wo Campw, #101 OH 
low& Chy, loWI 52242-5002 






















H.A. W&lh,:a Bllildlo& 
!:art 01111d, 0<1 Moines. loWI 50319-00! 
515/2!1-5371 Fu: 515/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
Date or re rt: 07-17-2001 
1,1,1,11 .... 11, .. ,,11,1 .. 1,1 .. 11 
KURT PONTASCH 
UNIVERSITY OP NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collecud 06-25-2001 
Collection Site vmb 
Collection Town 
Description water 
Re!uence ELS STUDY 
Collector PONTASCH KURT 
Phone (319) 277-9318 
Purchase Ordc.r 
Results of Analyses 
Acctochlor 
Deseth IA!razine 
Deslso,,ro I Alr.lmle 
Dale Analyzed: 07-12-2001 
Method: EPAS07 
Dale Extracted: 07~3-2001 






Dale Analyzed: 07-12-2001 
Method: EPA 507 
Date Extracted: 07~3-2001 
Extraction Method: EPA 507/3510 
Muy I. R. Clilwist. Ph.D. 
Olrtctor 
102 Oakdalo c~. '101 OH 
Iowa City, low• 52242-SOO"l 






















H.A. Wallaco Buildlng 
East Clmd. Ou Mci=s. Ion 5031 i;.oo;. 
lll/281•5371 Fax: 515/243•1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date of re ort: 07-30-2001 
l,l,l,ll, .. ,11,.,.,ll,1,,l,l,,11 
KURT PONTASCH 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 




Date Collected 07-02-200 l 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order I 








Desiso ro I Ao:azine 
Dimcthenamid 
Sima.zinc 
Date Analyzed: 07-20-2001 
Method: EPA 507 
Date Extnctcd: 07-16-2001 
Extraction Method: EPA 507/3510 
'fcs 
Date Analyzed: 07-20-2001 
Method: EPA 507 
Date Extracted: 07-16-2001 
Extraction Method: EPA 507/3510 
Muy I. R. Oilchrut. Pli.D. 
Director 
101 Oakdale Campus, 1101 OH 
Iowa City, Iowa 52242,5002 


















-:J..~ .. · . .;.;.,·.• • ":~t : .:~. 























V erificd: DLZ 
Analyst: RAD 
Vcrif!Cd: GJ 
H.A. Wallace Buildin1 
Ean 011ad. Des Moines, r. .... 50319--0()34 
515/281-5371 Fu: 5l5/l43,\349 
161. 
Chemical analyses results ... ( continued). 
Hygienic Laboratory 
:{f!il~Jl~lt~:rlrti}!ilt~i~;f· ~:f\11r:i)(il . ,• .. 
i='"'5am,,::.;;."'p"'1e;;.:N""um;;;..;.;b,..;.erc.;.;..',:-:-:~~:-'.;..;.. ______ _ 
Date or re ort: 07-30-2001 
l,l,1,ll .... 11,, .. ,11,1,,1,l .. 11 
KURT PONTASCH 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 











Results of Analyses 
Desetll 1 Atrazine 
Desi I Atrazine 
D lmetllemmid 
Simazine 
Dau: Analyzed: 07-20-2001 
Metbad: EPA 507 
Date Extracted: 07-16-2001 


































ITerbufos <0.1 0.1 
I Tcrbufos sulfone <0.1 0.1 
i Fonofos <0.1 0.1 
I Chlorovrifos <0.1 0.1 
i Etlloorog <0.1 0.1 
I Phorate <0. 1 0.1 
ICarbofuran <0.1 0.1 
Daie An.alyzcd: 07-20-2001 Analyst: PB 
Method: EPA 507 Verified: DLZ 
Date Extracted: 07-16-2001 Analyst: RAD 
Ex!racticn Method: EPA507/3510 Verified: OJ 
H.A. ll'llllco Bwldlo; 
I 
Mazy 1. lt. GDchrin. Pb.O. 
!lirecmr 
102 Owhle Ca.mpus. 1101 OH 
Iowa Chy, Iowa 52242-SOOl 
319/lJS-4500 Fax: 319/335-4'55 
hz:p://www.uhLuiowa.tdlJ. &ff Gru,d, o .. Moines, Iowa 50319-0034 
515/281-5371 Fu, 515/243-1349 
162 
Chemical analyses results ... (continued). 
Hygienic Laboratory 
,;_: · • ·::i: ''{ .. ,:. :·-:,•;=(~~f~:-::;:.·::;--:·:r.,.~1;... :•.;/; .i,.-~t~.:.·.~-)~W~?·."'.· :,'(. ~- -~~- ... , :.~-.... ~· · · ;., • 
.::: 
:· ... '[he:. QIJ~Y~[S!.fY,. ofJ!.qW.P.·. •.: :;:\,. ,,·fo~~- ~2:{/-i, · 
• • + ..... ,,,,,_ •• .,..~;;.Ji, ,1-,<:~,:, ... ;..~;.";.;,, ... ~-~-~ .-.• :;;,··~- :,-•"::'!:=;;..:··.;..•"'..;;·'..;;,:❖-•''-..;."'.''_"'..;.' _·..;.:-...... _. _ • ....;;;"'-'..;...;..;._.;._..;..,;;..;...;. _____ ;....._ 
Date or re ort: 07-30-2001 
1,1,1,11 .... 11 ..... 11,1,,1,1 .. 11 
KURT PONTASCH 
UNIVERSITY OF NORTHERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 
CEDAR FAW IA 50614 
SampleNumber 200107043 
Date Rec!iTed 07-13-2001 
Project 
Date Collect= 07-02-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 













Date Analyzed: 07-20-2001 
Method: EPA 507 
Date Extracted: 07-16-2001 








Date Analyzed: 07-20-2001 
Method: EPA 507 
Date Extracted: 07-16-2001 
Extraction Method: EPA 507/3510 


















































Maey /, I\. Gilchrist, Ph.D. 
Dimt0r 
102 Oikdile Campus, #101 OH 
Iowa Ciry, Ion 52242,5002 
319/335-4500 Fax: 319'335-455' 
/u:rp:l/w111w.uhluiawa.,du I!ut Gnnd, Des Meinel. [cw1 S0319-0l34 
515/28M371 Fax: 51.5/243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
~i7ilI~rt~~¼£~K~-=~~Zti~~:JJi ':~~~ -~l ::):~~-: -~~r t~k ,=;..~=-.;;:~~~~==--...:.;_.......;_ __ _;__ __ 
Date or re rt: 07-30.2001 
1.1.1.11 .. ,,11 ..... 11.1 .. 1,1,,11 
KURT PONTASCH 
UNIVERSITY OF NORTHERN !OW A 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 
CEDAR FAW IA 50614 
Sample Number 200107047 

























I Desisaoroovl Atrazine 
Date Analyzed: 07-20-2001 
Metbod: EPA 507 
Date Ex=ted: 07-16-2001 








Date Analyzed: 07-20-2001 
Metbod: EPA 507 
Date Extracted: 07-16-2001 
ExtracticnMetbod: EPA507/3510 
Ml!'/ l. R.. Gilchrist. Pn.D. 
Dim::tcr 
102 OmWe Cmpu.,.1101 OH 
loWI Clcy, !OWi 52241-5002 


































It.A. W&llace Buildills 
1!ut Orull!, Des Moines, Iowa l031!M034 
515/281-5371 Fu: 515/243-1349 
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Chemical analyses results ... (continued). 
Hygienic Laboratory 
Date of re ort: 07-30-2001 
l,l,l,ll .... 11,.,.,11,l,,l,l .. 11 
KURT PONTASCH 
UNIVERSITY OF NORTHERN !OW A 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 
CEDAR FALLS IA 50614 
SampleNumber 200107045 
Date Received 07-13-2001 
Project 
Date Collemd 07--09-2001 




Collector PONTASCH KURT 
Phone (319) 273-2098 
Purchase Order 
Results of Analyses 











Date Analyzed: 07-20-2001 
Method: EPA 507 
Date Extracted: 07•16-2001 


















Date Analyzed: 07-20-2001 
Method: EPA507 
Date Extracted: 07-16-2001 
Extraction Method: EPA 507/3510 
Mary J. R. Gilchrist. Ph.D. 
DiRctor 
102 Owhle Campus, 1101 OH 
Iowa Cicy, Iowa 52242-5002 































V crificd: GI 
H.A. Wall= Buildin( 
Eut o....i. o .. Mows. Io,.. 5031~34 
515/211-5371 Fu: 5151243-1349 
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Chemical analyses results ... ( continued). 
Hygienic Laboratory 
~tt1¥iE.itiffi!lfJ:qlJ6fr:: 
Date of n ort: 07-30-2001 
1.1.1.11., .. 11 •• , .. 11.1 .. 1,1 .. 11 
KURT PONTASCH 
UNIVERSITY OF NORmERN IOWA 
BIOLOGY DEPT 
MCCOLLUM SCIENCE HALL 












Results of Analyses 











Date Analyzed: 07-20-2001 
Method: EPA507 
Date Ex=tcd: 07-16-2001 











0l"l!anoohosobate l'.nSl!ctfddes ln Water 
Terbufos <0.1 






Date Analyzed: 07-20-2001 
Method: EPA 507 
Date Extraaed: 07-16-2001 
Extraction Method: EPA 507/3510 
Muy ! . R. Ciilohrisl. Ph.D. 
Du..10r 
102 Oal:<Wo Campus. 1101 OH 
Iowa City, Iowa 52l42-5002 

































H.A. WallJ.ca Buildills 
East Ciraod, O:s Moil!OJ. Iowa 50319.0034 
515/281-53711'11: 515/243·1349 
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APPENDIX F Individual field sites monitored in 2000. p-value is from a one-way 
ANOVA over time. Bars with the same letter are not significantly different (p ~ 0.05) 
followed by Duncan's Multiple Range Test or a t-test for the separation of means. 
p-values for L WFB and TRSV were not reported because of insufficient data 
LWFB 
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APPENDIX G Individual field sites monitored in 2001. A one-way ANOVA over time 
resulted in a p-value. Bars with the same letter are not significantly different (p ~ 0.05) 















Individual sites over time ... ( continued). 
UKV UIE 
10.--------------, 10~------------, 
p--0.0041 
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¥· 
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p=0.0315 
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